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PREFACE. 


This  compendious  treatise  is  designed  to  furnish  dasses 
in  the  higher  seminaries  of  learning,  colleges,  and  medi- 
cal schools,  as  well  as  private  students  generally,  with  a 
suitable  text-book  of  Structural  and  Physiological  Botany, 
and  a  convenient  introduction  to  Systematic  or  Descriptive 
Botany,  adapted  to  the  present  condition  of  the  science. 
The  favor  with  which  the  former  editions  have  been  re- 
ceived, while  it  has  satisfied  the  author  that  the  plan  of  the 
work  is  well  adapted  to  the  end  in  view,  has  made  him  the 
more  desirous  to  improve  its  execution,  and  to  render  it  a 
better  exponent  of  the  present  state  of  Botany.  In  this 
view,  the  structural  and  physiological  part  of  the  work,  and 
the  chapters  on  the  Principles  of  Classification  and  of  the 
Natural  System,  have  been  again  almost  entirely  rewritten, 
and  such  changes  made  as  the  advanced  state  of  our  knowl- 
edge required,  or  the  author's  continued  experience  in 
teaching  has  suggested.  This  has  been  done  without  in- 
creasing the  extent  of  this  part  of  the  volume,  which,  con- 
sidering the  limited  time  devoted  to  the  study  in  our  col- 
leges, &c.,  is  found  to  be  as  fall  as  is  desirable  for  a  text- 
book. Being  intended  as  a  manual  for  instruction  merely, 
tlie  Illustrations  of  the  Natural  Orders,  which  form  the  prin- 
cipal portion  of  the  systematic  part  of  the  work,  are  brief 
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and  general.  Such  a  sketch,  however  amplified,  could  never 
take  the  place  of  a  Flora,  or  System  of  Plants,  but  is  de- 
signed merely  to  give  a  general  idea  of  the  distribution  of 
the  vegetable  kingdom  into  families,  &c.,  with  a  cursory  no- 
tice of  their  structure,  properties,  and  principal  useful  pro- 
ducts. In  applying  the  principles  of  classification,  and  his 
knowledge  of  the  structure  of  plants,  to  the  investigation  of 
the  plants  that  grow  spontaneously  around  him,  the  student 
will  neccssaiily  use  some  local  Flora,  such,  for  example,  as 
the  author's  Manual  of  the  Botany  of  the  Northern  United 
States.  For  particular  illustrations  the  botanist  may  ad* 
vantagoously  consult  the  author's  Genera  of  the  Plants  of 
the  United  Stages  illustrated  by  Figures  and  Analyses  from 
Nature^  of  which  two  volumes  have  been  published. 

About  twenty-four  of  the  wood-cuts  are,  by«  permission, 
selected  fi*om  original  sketches  made  for  a  Report  on  the 
Trees  of  the  United  States^  in  preparation  by  tlie  author  for 
the  Smithsonian  Institution.  The  numerous  figures  added 
to  this  edition  are  wholly  of  an  original  character. 

The  numerals  enclosed  m  parentheses,  which  abound  in 
the  pages  of  this  work,  are  x'eferences  to  other  and  mostly 
earlier  paragraphs,  in  which  the  subjects  or  the  terms  in 
question  are  treated  of  or  explained, 

A  full  Glossary  or  Dictionary  of  Botanical  Terms  (com* 
bincd  with  an  Index)  is  added  to  the  volume.  In  this,  it 
is  thought,  the  student  will  find  explanations  of  all  the 
technical  botanical  terms  he  is  likely  to  meet  with  in  descrip- 
tive works,  written  in  the  English  language.  Tlie  words 
are  here  accentuated,  in  all  cases  where  this  seemed  to  be 
needful. 

'  Harvard  Universitj,  Cambridge,  Sept.  1857. 
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kind  of  life  with  which  it  is  endowed,  the  organization  through 
which  its  life  is  manifested  ;  —  in  other  words,  how  the  plant  lives 
and  grows,  and  fulfils  its  destined  offices.  This  is  the  province  of 
PHYSIOLOGICAL  BOTANY.  This  department  of  the  science 
naturally  divides  into  two  branches,  namely,  Structural  Botany  and 
Vegetable  Physiology,  which  arise  from  the  different  views  we  may 
take  of  plants.  The  study  of  their  organization  belongs  to  Struc- 
tural Botany,  which  includes  every  inquiry  respecting  their 
structure  and  parts.  And  this  may  again  be  divided  into  two 
branches,  viz. :  —  Ist,  Vegetable  Anatomy,  or  Phytotomy,  the 
study  of  the  minute  structure  of  vegetables  as  revealed  by  the 
microscope ;  and  2d,  Organography,  the  study  of  the  organs  or 
conspicuous  parts  of  plants,  as  to  their  external  conformation ;  in- 
cluding Morphology  (the  study  of  forms),  which  relates  to  the 
Ciyiformation  and  the  symmetrical  arrangement  of  these  organs, 
and  the  modifications  they  undergo,  either  in  different  species, 
according  to  the  conditions  of  their  existence,  or  in  the  same  indi- 
vidual in  the  course  of  its  development^  —  a  department  analogous 
to  what  is  termed  Comparative  Anatomy  in  the  animal  kingdom. 
Thus  in  Structural  Botany,  whether  we  regard  the  external  con- 
formation or  the  minute  internal  structure,  the  plant  is  viewed  as 
a  piece  of  machinery,  adapted  to  the  accomplishment  of  certain 
ends.  On  the  other  hand,  the  study  of  this  apparatus  in  action, 
endowed  with  life,  and  fulfilling  the  purposes  for  which  it  was  in- 
tended, and  also  of  the  forces  which  operate  in  it  and  by  it,  is  the 
province  of  Vegetable  Physiology. 

4.  The  subjects  which  Physiological  Botany  embraces,  namely, 
Vegetable  Anatomy,  Organography,  and  Physiology,  therefore, 
spring  naturally  from  the  study  of  vegetables  as  individuals,— 
from  the  contemplation  of  an  isolated  plant  throughout  the  course 
of  its  existence,  from  germination  to  the  flowering  state,  and  the 
production  of  a  seed  like  that  from  which  the  parent  stock  origi- 
nated. These  branches  would  equally  exist,  and  would  form  a 
highly  interesting  study  (analogous  to  human  anatomy  and  physi- 
ology), even  if  the  vegetable  kingdom  were  restricted  to  a  single 
species. 

5.  But  the  science  assumes  an  immeasurably  broader  interest  and 
more  diversified  attractions,  when  we  look  upon  the  vegetable  crea- 
tion as  consisting,  not  of  wearisome  repetitions  of  one  particular  foiin, 
in  itself  however  perfect  or  beautiful,  but  as  composed  of  thousands 
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of  species,  all  constructed  upon  one  general  plan,  indeed,  but  this 
plan  modified  in  each  according  to  the  rank  it  holds,  and  the  cir- 
cumstances in  which  it  is  placed.  This  leads  to  the  second  great 
department  of  the  science,  namely,  SYSTEMATIC  BOTANY,  or 
the  study  of  plants  in  their  relations  to  one  another ;  as  forming  a 
vegetable  kingdom,  which  embraces  an  immense  number  of  species, 
resembling  each  other  in  very  various  degrees,  and  therefore  capable 
of  being  grouped  into  kinds  or  genera,  into  orders,  classes,  &c. 

6.  Thus  arises  Classification,  or  the  arrangement  of  plants  in 
systematic  order,  so  as  to  show  their  relationships ;  also  Special 
Descriptive  Botany,  embracing  a  scientific  account  of  all  known 
plants,  designated  by  proper  names,  and  distinguished  by  clear  and 
exact  descriptions.  Necessarily  connected  with  these  departments 
is  Terminology  or  Glossology,  which  relates  to  the  application 
of  distinctive  names  or  terms  to  the  several  organs  of  plants,  and 
to  their  numberless  modifications  of  form,  &c.  The  accomplishment 
of  this  object  renders  necessary  a  copious  vocabulary  of  technical 
terms ;  for  the  current  words  of  ordinary  language  are  not  suf- 
ficiently numerous  or  precise  for  this  purpose.  New  terms  are 
therefore  introduced,  for  accurately  expressing  the  great  variety 
of  new  ideas  to  which  the  exact  comparison  of  plants  gives  rise ; 
and  thus  a  technical  language  has  gradually  been  formed  (in  this 
as  in  every  other  science),  by  which  the  botanist  is  able  to  describe 
the  objects  of  his  study  with  a  clearness  and  brevity  not  otherwise 
attainable. 

7.  These  several  departments  include  the  whole  natural  history 
of  the  vegetable  kingdom,  considered  independently.  But,  under 
a  third  point  of  view,  plants  may  be  contemplated  in  respect  to  their 
relations  to  other  parts  of  the  creation ;  whence  arises  a  series  of 
interesting  inquiries,  which  variously  connect  the  science  of  .Botany 
with  Chemistry,  Geology,  Physical  Geography,  &c  Thus,  the  re- 
lations of  vegetables  with  the  mineral  kingdom,  considered  as  to 
their  influence  upon  the  soil  and  the  air,  —  as  to  what  vegetation 
draws  from  the  soil  and  what  it  imparts  to  it,  what  it  takes  from 
and  what  it  renders  to  the  air  we  breathe ;  and,  again,  the  relations 
of  the  vegetable  to  the  animal  kingdom,  considered  as  furnishing 
sustenance  to  the  latter,  and  the  mutual  subservience  of  plants  and 
animals  in  the  general  economy  of  the  world,  —  all  these  inquiries 
belong  partly  to  Chemistry  and  partly  to  Vegetable  Physiology ; 
while   the   practical   deductions  from   them   lay  the  foundation  of 
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scientiiic  Agriculture,  &c.  The  relations  of  plants  to  the  earth, 
considered  in  reference  to  their  natural  distribution  over  its  surface 
and  the  laws  that  regulate  that  distribution,  especially  as  connected 
with  climate,  give  rise  to  Geographical'  Botany,  a  subject  which 
connects  Botany  with  Physical  Geography.  Under  the  same  gen- 
eral department  naturally  falls  the  consideration  of  the  changes 
which  the  vegetable  kingdom  has  undergone  in  times  anterior  to 
the  present  state  of  things,  as  studied  in  the  fossil  remains  of  plants, 
(a  contribution  which  Botany  offers  to  Greology,)  as  well  as  of  those 
changes  which  man  has  effected  in  the  natural  distribution  of 
plants,  and  the  alterations  in  their  properties  or  products  which 
have  been  developed  by  culture. 

8.  Of  these  three  great  departments  of  the  science,  that  of 
Physiological  Botany,  forming  as  it  does  the  basis  of  all  the  rest, 
first  demands  the  student's  attention. 


PART  I. 


STRITCTURAL  AND  PHYSIOLOGICAL  BOTANY. 


9.  The  principal  subjects  which  belong  to  this  department  of 
Botany  may  be  considered  in  the  most  simple  and  natural  order 
by  tracing,  as  it  were,  the  biography  of  the  vegetable  through  the 
successive  stages  of  its  existence,  —  the  development  of  its  essen- 
tial organs,  root,  stemy  and  foUctge^  the  various  forms  they  assume, 
the  offices  they  severally  perform,  and  their  combined  action  in 
carrying  on  the  processes  of  vegetable  life  and  growth.  Then  the 
ultimate  development  of  the  plant  in  flowering  and  fructification 
may  be  contemplated,  —  the  structure  and  office  of  the  flower,  of 
the  fruit,  the  seed,  and  the  embryo  plant  it  contains,  which,  after 
remaining  dormant  for  a  time,  at  length  in  germination  develops 
into  a  plant  like  the  parent ;  thus  completing  the  cycle  of  vegetable 
life.  A  preliminary  question,  however,  presents  itself.  To  under- 
stand how  the  plant  grows  and  forms .  its  various  parts,  and  to  get 
a  clear  idea  of  what  growth  is,  we. must  first  ascertain  what  plants 
are  made  of. 


CHAPTER    I. 

op  the   elementary  structure   op  plants. 
Sect.  L    Of  Oroanization  in  General. 

10.  Tbe  Elementary  Constitatioii  of  Plants.    In  considering  the 

materials  of  which  vegetables  are  made,  it  is  not  necessary  at  the 
outset  to  inquire  particularly  into  their  chemical  or  tdtimcUe  com- 
position, that  which  they  have  in  common  with  the  minei'al  world. 

2* 
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As  they  denve  all  the  matenals  of  their  fabric  from  the  earth  and 
air,  plants  can  possess  no  simple  element  which  these  do  not  supply. 
They  may  take  in,  to  some  extent,  almost  every  element  which  is 
thus  supplied.  Suffice  it  for  the  present  to  say,  that,  of  the  about 
sixty  simple  substances  now  recognized  by  chemists,  only  four  are 
essential  to  vegetation  and  are  necessary  constituents  of  the  vege- 
table structure.  These  are  Carbon^  Hydrogen^  Oxygen,  and  Nitro- 
gen. Besides  these,  a  few  earthy  bodies  are  regularly  found  in 
plants,  in  small  and  varying  proportions.  The  most  important  of 
them  are  Sulphur  and  PhosphoruSy  which  are  thought  to  take  an 
essential  part  in  the  formation  of  certain  vegetable  products.  Potas- 
sium and  Sodium,  Calcium  and  Magnesium,  Silicon  and  Aluminum, 
Iron  and  Manganese,  Chlorine,  Iodine,  and  Bromine,  None  of  these 
elements,  however,  are  of  universal  occurrence,  nor  are  they  actual 
components  of  any  vegetable  tissue. 

11.  Their  Organic  Constitntion.  Although  plants  and  animals  have 
no  peculiar  elements,  though  the  materials  from  which  their  bodies 
spring,  and  to  which  they  return,  are  common  earth  and  air,  yet  in 
them  these  elements  are  wrought  into  something  widely  different 
from  any  form  of  lifeless  mineral  matter.  Under  the  influence  of 
the  principle  of  life,  in  connection  with  which  alone  such  phenomena 
are  manifested,  the  three  or  four  simple  constituents  effect  peculiar 
combinations,  giving  rise  to  a  few  orggLnizaUe  elements,  as  they 
may  be  termed ;  because  of  them  the  organized  fabric  of  the  vege- 
table or  animal  is  directly  built  up.  This  fabric  is  in  a  good  degree 
similar  in  all  living  bodies ;  the  solid  parts,  or  tissues,  in  all  assuming 
the  form  of  membranes,  arranged  so  as  to  surround  cavities,  or  form 
the  walls  of  tubes,  in  which  the  fluids  are  contained.  It  is  called 
organized  structure,  and  the  bodies  so  composed  are  called  organized 
bodies,  because  such  fabric  consists  of  parts  co-operating  with  each 
other  as  instruments  or  organs  adapted  to  certain  ends,  and  through 
which  alone  the  living  principle,  under  whose  influence  the  structure 
itself  was  built  up,  is  manifested  in  the  operations  which  the  plant 
and  animal  carry  on.  There  is  in  every  organic  fabric  a  necessary 
connection  between  its  conformation  and  the  actions  it  is  destined  to 
perform.  This  is  equally  true  of  the  minute  structure,  or  tissues,  as 
revealed  by  the  microscope,  and  of  the  larger  organs  which  the  tissues 
form  in  all  plants  and  animals  of  the  higher  grades,  such  as  a  leaf, 
a  petal,  or  a  tendril,  a  hand,  an  eye,  or  a  muscle.  The  term  organ- 
ization formerly  referred  to  the  possession  of  organs  in  this  larger 
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sense,  that  is,  of  conspicuous  parts,  or  members.  .  It  is  no^'  applied 
as  well  to  the  intimate  structure  of  these  parts,  themselves  made  up 
of  smaller  organs  through  which  the  vital  forces  directly  act 

12.  Distinetioni  between  Minerals  and  Organized  Beinp.     In  no 

sense  can  mineral  bodies  be  said  to  have  organs,  or  parts  subor- 
dinate to  a  whole,  and  together  making  up  an  individual,  or  an 
organized  structure  in  any  respect  like  that  which  has  just  been 
spoken  of,  and  is  soon  (as  regards  plants)  to  be  particularly  de- 
scribed. Without  attempting  to  contrast  mineral  or  unorganized 
with  organized  bodies  in  all  respects,  we  may  briefly  state  that  the 
latter  are  distinguished  from  the  former,  —  1.  By  parentage:  plants 
and  animals  are  always  produced  under  the  influence  of  a  living 
body  similar  to  themselves,  or  to  what  they  will  become,  in  whose^ 
life  the  offspring  for  a  time  participates ;  while  in  minerals  there  is^ 
no  relation  like  that  of  parent  and  offspring,  but  they  are  formed 
directly,  either  by  the  aggregation  of  similar  particles,  or  by  the 
union  of  unlike  elements  combined  by  chemical  affinity,  independent 
of  the  influence,  and  utterly  irrespective  of  the  previous  existence, 
of  a  similar  thing.  2.  By  their  development:  plants  and  animals 
develop  from  a  germ  or  rudiment,  and  run  through  a  course  of 
changes  to  a  state  of  maturity ;  the  mineral  exhibits  no  phases  in 
its  existence  answering  to  the  states  of  germ,  adolescence,  and 
maturity,  —  has  no  course  to  run.  3.  By  their  mode  of  growth: 
the  former  increasing  by  processes  through  which  foreign  materials 
ai'e  taken  in,  made  to  permeate  their  interior,  and  deposited  inter- 
stitiaUy  among  the  particles  of  the  previously  existing  substance ; 
that  is,  they  are  nourished  by  food ;  —  while  the  latter  are  not 
nourished,  nor  can  they  properly  be  said  to  grow  at  all ;  if  they 
increase  in  any  way,  it  is  merely  hj  juictaposttton,  and  because 
fresh  matter  happens  to  be  deposited  on  their  external  surface. 
4.  By  the  power  of  assimilation,  or  the  faculty  that  plants  and 
animals  alone  possess  of  converting  the  proper  foreign  materials 
they  receive  into  their  own  peculiar  substance.  5.  Connected 
with  assimilation,  as  a  part  of  the  function  of  nutrition,  which  can 
in  no  sense  be  predicated  of  minerals,  is  the  state  of  internal  ac- 
tivity and  unceasing  change  in  living  bodies ;  these  constantly  under- 
going decomposition  and  recomposition,  particles  which  have  served 
their  turn  being  continually  thrown  out  of  the  system  as  new  oTies 
are  brought  in.  This  is  true  both  of  plants  and  animals,  but  more 
fully  of  the  latter.     The  mineral,  on  the  contrary,  is  in  a  state  of 
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permaneiit  internal  repose:  whatever  changes  it  undergoes  are 
owing  to  the  action  of  some  extraneous  force,  not  to  any  inherent 
power.  This  holds  true  even  in  respect  to  the  chemical  combina- 
tions which  occur  in  the  mineral  and  in  the  organic  kingdoms.  In 
the  former  they  are  stable;  in  the  latter  thej  are  less  so  in  pro- 
portion as  they  are  the  more  under  the  influence  of  the  vital  prin- 
ciple: as  if  in  the  state  of  unstable  equilibrium,  a  comparatively 
slight  force  induces  retrograde  changes,  through  which  they  tend 
to  *reassume  the  permanent  mineral  state.  6.  Conseq[uently  the 
duration  of  living  beings  is  limited.  They  are  developed,  they 
reach  maturity,  they  support  themselves  for  a  time,  and  then  perish 
by  death,  sooner  or  later.  Mineral  bodies  have  no  life  to  lose,  and 
contain  no  internal  principle  of  destruction.  Once  formed,  they 
exist  until  destroyed  by  some  external  power;  they  lie  passive 
under  the  control  of  physical  forces.  As  they  were  formed  irrespec- 
tive of  the  pre-existence  of  a  similar  body,  and  have  no  self-deter- 
mining power  while  they  exist,  so  they  have  no  power  to  determine 
the  production  of  like  bodies  in  turn.  The  organized  being  may 
perish,  indeed,  from  inherent  causes ;  but  not  until  it  lias  given  rise 
to  new  individuals  like  itself,  to  take  its  place.  The  faculty  of  re- 
production  is,  therefore,  an  essential  characteristic  of  organized 
beings. 

13.  Indiyidnals*  The  mass  of  a  mineral  body  has  no  necessary 
limits;  a  piece  of  marble,  or  even  a  crystal  of  calcareous  spar, 
may  be  mechanically  divided  into  an  indefinite  number  of  parts, 
each  one  of  which  exhibits  all  the  properties  of  the  mass.  But 
plants  and  animals  exist  as  individucds ;  that  is,  as  beings,  com- 
posed of  parts  which  together  constitute  an  independent  whole,  that 
can  be  divided  only  by  mutilation.  Each  owes  its  existence  to  a 
parent,  and  produces  similar  individuals  in  its  turn.  So  each  in- 
dividual is  a  link  of  a  chain ;  and  to  this  chain  the  natural-historian 
applies  the  name  of 

14.  Species*  The  idea  of  species  is  therefore  based  upon  this  suc- 
cession of  individuals,  each  deriving  its  existence,  with  all  its  peculi- 
arities, from  a  similar  antecedent  one,  and  transmitting  its  form 
and  other  peculiarities  essentially  unchanged  from  generation  to 
generation.  By  species  we  mean  abstractly  the  type  or  original 
of  each  sort  of  plant,  or  animal,  thus  represented  by  a  perennial 
succession  of  like  individuals :  or,  concretely,  the  species  is  the  sum 
of  such  individuals. 
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15.  lift.  All  these  peculiarities  of  organized,  as  contrasted  with 
inorganic  bodies,  will  be  seen  to  depend  upon  this :  that  the  former 
are  living  beings,  or  their  products.  The  great  characteristic  of 
plants  and  animals  is  life,  which  these  beings  enjoy,  but  minerals 
do  not.  Of  the  essential  nature  of  the  vitality  which  so  controls 
the  matter  it  becomes  connected  with,  and  of  the  nature  of  the 
connection  between  the  living  principle  and  the  organized  structure^ 
we  are  wholly  ignorant.  We  know  nothing  of  life  except  by  the 
phenomena  it  manifests  in  organized  structures.  We  have  adverted 
only  to  some  of  the  most  universal  of  these^henomena,  those  which 
are  common  to  every  kind  of  organized  being.  But  these  are  so 
essentially  different  from  the  manifestations  of  any  known  physical 
force,  that  we  are  compelled  to  attribute  them  to  a  special  principle. 
We  may  safely  infer,  however,  that  life  is  not  a  product,  or  result, 
of  the  organization ;  but  is  a  force  manifested  in  matter,  which  it 
controls  and  shapes  into  peculiar  forms,  —  into  an  apparatus,  in 
which  means  are  manifestly  adapted  to  ends,  and  by  which  results 
are  attained  that  are  in  no  other  way  attainable.  As  we  ri^e  in  the 
scale  of  organized  structure  from  plants  through  the  various  grades 
of  the  animal  creation,  the  superadded  vital  manifestations  become 
more  and  more  striking  and  peculiar.  But  the  fundamental  char^ 
acteristics  of  living  being^i,  —  those  which  all  enjoy  in  common,  and 
which  necessarily  give  rise  to  all  the  peculiarities  above  enumer- 
ated (12),  —  are  reducible  to  two,  viz.:  —  1.  the  power  of  self* 
support,  or  assimilation^  that  of  nourishing  themselves  by  taking 
in  surrounding  mineral  matter  and  converting  it  into  their  own 
proper  substance ;  by  which  individuals  increase  in  bulk,  or  gix)w, 
and  maintain  their  life :  2.  the  power  of  self-division  or  reproduc- 
tion, by  which  they  increase  in  numbers  and  perpetuate  the  species.* 

16.  Difference  between  Vegetables  and  Animals.  The  distinction  be- 
tween vegetables  and  minerals  is  therefore  well  defined.  But  the 
line  of  demarcation  between  plants  and  animals  is  by  no  means 
so  readily  drawn.  Ordinarily,  there  can  be  no  difficulty  in  dis- 
tinguishing a  vegetable  from   an    animal.     All  the   questionable 

*  A  single  striking  illastration  may  set  both  points  in  a  strong  light.  The 
larva  of  the  flesh-fly  possesses  snch  power  of  assimilation,  that  it  will  increase 
its  own  weight  two  hundred  times  in  twenty-four  hours ;  and  such  consequent 
power  of  reproduction,  that  Linnieus  perhaps  did  not  exaggerate,  when  ho 
afiirmcd  that  "  three  flesh-flies  would  devour  the  carcass  of  a  horse  as  quickly 
ai  wuu.d  a  lion." 


^\-  . 
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ca-es  occur  on  the  lower  confines  of  the  two  kingdoms,  which 
exhibit  forms  of  the  greatest  possible  simplicity  of  structure,  and 
of  a  minuteness  of  size  that  baffles  observation.  Even  here  the 
uncertainty  may  be  attributable  rather  to  the  imperfection  of 
our  knowledge,  than  to  any  confusion  of  the  essential  character- 
istics of  the  two  kinds  of  beings.  If  we  cannot  absolutely  define 
them,  or,  at  least,  cannot  always  apply  the  definition  to  the  actual 
and  certain  discrimination  of  the  lowest  plants  from  the  lowest 
animals,  we  may  indicate  the  special  functions,  and  characters  of 
each.  The  essential  characteristics  of  vegetables  doubtless  depend 
upon  the  position  wliich  the  vegetable  kingdom  occupies  between 
the  mineral  and  the  animal,  and  upon  the  general  office  it  fulfils. 
Plants,  as  stated  at  the  outset  (1),  are  those  organized  beings  that 
live  directly  upon  the  mineral  kingdom,  —  upon  the  surrounding 
earth  and  air.  They  alone  convert  inorganic,  or  mineml,  into 
organic  matter ;  while  animals  originate  none,  but  draw  their  whole 
sustenance  from  the  organized  matter  which  plants  have  thus  elab- 
orated. Plants,  having  thus  the  most  intimate  relations  with  the 
mineral  world,  are  generally  fixed  to  the  earth,  or  other  substance 
upon  wliich  they  grow,  and  the  mineral  matter  on  which  they  feed 
is  taken  directly  into  their  system  by  absorption  from  without,  and 
is  assimilated  under  the  influence  of  light  in  organs  exposed  to  the 
air;  while  animals,  endowed  with  volition  and  capable  of  respond- 
ing promptly  to  external  impressions,  liave  the  power  of  selecting 
the  food  ready  prepared  for  their  nourishment,  which  is  received 
into  an  internal  reservoir  or  stomach.  The  permanent  fabric  of 
plants  is  composed  of  only  three  elements.  Carbon,  Hydrogen,  and 
Oxygen.  The  tissue  of  animals  contains  an  additional  element, 
viz.  Nitrogen.  Plants,  as  a  necessary  result  of  assimilating  their 
inorganic  food,  decompose  carbonic  acid  and  restore  its  oxygen  to 
the  atmosphere.  Animals  in  respiration  continually  recompose  car- 
bonic acid,  at  the  expense  of  the  oxygen  of  the  atmosphere  and  the 
carbon  of  plants.  These  peculiarities  will  be  explained  and  illus- 
trated in  the  progress  of  this  work. 


Sect.  II.      Op  the  Cells  and  Cellular  Tissue  op  Plants, 

17.  The  question  recurs,  What  is  the  organized  fabric  or  tissue 
of  plants,  and  how  is  vegetable  growth  effected?     The  stem,  leaves. 
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and  fruit  appear  to  ordinary  inspection  to  be  formed  of  smaller  parts, 
which  are  themselves  capable  of  division  into  still  smaller  portions. 
Of  what  are  these  composed  ? 

18.  Cellnlar  Strnctnre*  To  obtain  an  answer  to  this  question,  we 
examine,  by  the  aid  of  a  microscope,  thin  slices  or  sections  of  any 
of  these  parts,  such,  for  example,  as  the  young  rootlet  of  a  seed- 
ling plant  A  magnified  view  of  such  a  rootlet,  as  in  Fig.  1,  pre- 
sents on  the  crossHsection  the  appearance  of  a  netwoiii,  the  meshes 
of  which  divide  the  whole  space  into  more  or  less  regular  cavi- 
ties. A  part  of  the  transverse  slice  more  highly  magniHed  (Fig.  2) 
shows  the  structure  with  greater  distinctness.  A  perpendicular 
slice  (Fig.  3)  exhibits  somewhat  similar  meshes,  showing  that  the 
cavities  do  not  run  lengthwise  through  the  whole  root  without  in- 
terruption. In  whatever  direction  the  sections  are  made,  the  cav- 
ities are  seen  to  be  equally  circumscribed,  although  the  outlines 
may  vary  in  shape.  Hence,  we  arrive  at  the  conclusion,  that  the 
fabric,  or  tissue,  consists  of  a  multitude  of  separate  cavities,  with 

1  t  4 


closed  partitions ;  forming  a  structure  not  unlike  a  honeycomb. 
This  is  also  shown  by  the  fact,  that  the  liquid  contained  in  a  juicy 
fruit,  such  as  a  grape  or  currant,  does  not  escape  when  it  is  cut  in 
two.  The  cavities  being  called  Cells,  the  tissue  thus  constructed 
is  termed  Cellular  Tissue.  When  the  body  is  sufficiently  trans- 
lucent to  be  examined  under  the  microscope  by  transmitted  light, 
this  structure  may  usually  be  discerned  without  making  a  section. 


FIG.  1.  Portion  of  a  young  root,  magnified.  2.  A  transrene  slice  of  the  same,  more  mag- 
nified    S.  A  smaller  vertical  slice,  magnified. 

FIQ.  4.  Cellular  tissue  from  the  apple,  as  seen  in  a  section.  5.  S<»ne  of  the  detached  cells 
ftom  the  ripe  Aruit,  magnified. 

FIG.  6  Portion  of  a  hair  firom  the  filament  of  the  Spider  Lily  (TradMoantia),  magnifl»d  i 
«,  Testige  of  the  nnoleus. 
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We  may  often  look  directly  upon  a  delicate  rootlet  (as  in  Fig.  1% 
or  the  petal  of  a  flower,  or  a  piece  of  thin  and  transparent  eea-weed, 
and  observe  the  closed  cavities,  entirely  circumscribed  by  nearly 
transparent  raembranous  walls. 

19.  Does  this  cellular  tissue  consist  of  an  originally  homogeneous 
mass,  filled  in  some  way  with  innumerable  cavities  ?  Or  is  it  com- 
posed of  an  aggregation  of  little  blad- 
ders, or  sacs,  which  by  their  accumu- 
lation and  mutual  cohesion  make  up 
the  root  or  other  organ  ?  Several  cir- 
cumstances prove  that  the  latter  is  the 
correct  view.  1.  The  partition-between 
two  adjacent  cells  is  often  seen  to  be 
double  i  showing  that  each  cavity  is 
bounded   by   its    own    special    walls. 

1  2.  There  are  vacant  spaces  often  to 

be  seen  between  contiguous  cells,  where  the  walls  do  not  entirely 
fit  together.  These  tntereellvlar  tpacei  are  sometimea  so  large 
and  numerous,  that  many  of  the  cells  touch  each  other  at  a  few 
points  only ;  as  in  the  green  pulp  of  leaves  (Fig.  7).  3.  When 
a  portion  of  any  young  and  tender  vegetable  tissue,  such  aa  an 
Asparagus  shoot,  is  boiled,  the  elementary  cells  separate,  or  may 
readily  be  separated  by  the  aid  of  fine  needles,  and  examined  by 
the  microscope.  4.  In  pulpy  fruits,  as  in  the  apple,  the  walls  of 
the  cells,  which  at  first  cohere  toflBthut)  spontaneously  separate  aa 
the  fruit  ripens  (Fig.  4,  5). 

20.  The  vegetable,  then,  is  constructed  of  these  cells  or  vesicles, 
mai'h  as  a  wall  is  built  up  of  bricks.     When  the  cells  are  separate, 

or  do  not  impress  each  other,  they  are  generally 
rounded  or  spherical.  By  mutual  pressure  they  be- 
e  many-sided.  In  a  mass  of  spheres  each  one  is 
touched  by  twelve  others ;  bo,  if  equally  impressed  in 
every  direction,  the  yielding  cells,  flattening  each 
other  at  the  poinlB  of  contact,  become  twelve-sided  ;  and  in  a 
seeticm,  whether  transverse  (as  in  Fig.  2)  or  longitudinal  (as  in 

no.  T  A  iDBgii1fl«d  shCIod  thningb  lbs  (hlckiHU  oTm  luf  or  Illlclnm  ?lDrid>nuni,  fhoir- 
tng  tile  Irregular  ap&Hg  orpunfci  belween  theFcUa,  which  are  gcEib]!  In  the  upper  la>er  of 
tilB  green  pulp,  th«  celll  or  which  (placed  rertically]  ere  well  compacted,  bo  aa  to  ]»to  oa\y 
minute  TBculUei  el  their  rounded  euda-,  but  [he  epacei  ir«  Inrge  and  copluua  in  the  rest  or 
tbe  leaf,  where  the  ceUi  are  -nrj  loosely  arranged,  a,  The  opldermli  or  ekin  of  (he  upper, 
t,  of  the  lower  lurfoce  at  the  leaf,  eompowd  ot  perfeetl;  combined  mi  thick-willed  celli 

na.  8.    Vi»TiiratwdTe4ldedcaU,detubaduitln,bDBi  tUioalUullutaf  Fit  >. 
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Fig.  3),  the  meshes  consequently  appear  stx-^ided.  If  the  ot^ian 
is  growing  in  one  direction  more  (Iian  another,  the  celk  commonly 
lengthen  more  or  less  in  that 
direction.  It  is  not  necessary  to 
detach  a  cell  in  order  to  ascertain 
its  shape ;  that  may  usually  be  ' 
inferred  from  the  outlines  of  the 
section  in  two  or  three  directions. 

21.  The  shape  of  celb,  there- 
fore, when  they  compose  a  tissue, 
depends  very  much  upon  the  way 
in  which  they  are  arranged  and  ' 
press  upon  each  other.  When 
separate,  as  they  are  in  the  sim- 
plest Tegetables,  or  when  nearly  » 

free  from  ench  other,  like  the  hairs  od  the  surface  of  many  plants, 
they  determine  their  own  form  by  their  mode  of  growth,  and  assume 
a  great  variety  of  shapes,  some  of  which  are  shown  in  the  follow- 
ing illustrations.  The  natural  and  primitive  form  may  be  said  to 
be  roundish  or  sphericaL  By  increased  growth  in  one  direction 
they  become  oblong  or  cylindrical,  or,  when  still  more  extended, 
they  become  tubes.  Of  this  kind  are  the  hair-like  prolongations 
on  the  surface  of  young  rootlets  (shown  just  begimiing  in  Fig.  1, 
and  more  elongated  in  Fig.  135  —  137);  and  the  fibres  of  cotton 
are  slender  hairs,  consisting  of  single,  very  long  cells,  growing  on 
the  surface  of  the  seed. 

22.  The  walls  of  young  cells  are  transparent  and  colorless.  The 
various  colors  which  the  parts  of  the  plant  present,  the  green  of 
the  foliage,  and  the  vivid  hues  of  the  corolla,  do  not  belong  to  the 
tissues  themselves,  but  to  the  matters  of  different  colors  which  the 
cells  contain  (92),  As  they  become  older,  the  walla  oflen  lose  most 
of  their  transparency,  and  even  acquire  peculiar  colors,  as  in  the 
heart-wood  of  various  trees. 

23.  The  cells  vary  greatly  in  size,  not  only  in  different  plants, 
but  in  difTei-ent  parts  of  the  same  plant.  The  largest  are  found  in 
aquatics,  and  in  such  plants  as  the  Gourd,  where  some  of  them  are 
as  much  as  one  thirtieth  of  an  inch  in  diameter.  Their  ordinary 
diameter  in  vegetable  tissue  is  between  jj^  and  ysVt  "^f  ■"*  i"<^'i- 

FIG.  a.    A  imsll  portton  at  tha  (lag*  of  pilh,  Men  bolb  In  tnninru  ud  IouiKiuUhmI 
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The  smaller  of  these  sizes  would  allow  of  as  many  as  1728  millions 
of  cells  in  the  compass  of  a  cubic  inch ! 

24.  Some  idea  may  be  formed  respecting  the  rate  of  their  pro- 
duction, by  comparing  their  average  size  in  a  given  case  with  the 
known  amount  of  growth.  Upon  a  fine  day  in  the  spring,  many 
stems  shoot  up  at  the  rate  of  three  or  four  inches  in  twenty-four 
hours.  When  the  Agave  or  Century-plant  blooms  in  our  conser- 
vatories, its  flower-stalk  often  grows  at  the  rate  of  a  foot  a  day ;  it 
is  even  said  to  grow  with  twice  that  rapidity  in  the  sultry  climate  to 
which  it  is  indigenous.  In  such  cases,  new  cells  must  be  formed  at 
the  rate  of  several  millions  a  day.  The  rapid  growth  of  Mushrooms 
has  become  proverbial.  A  gigantic  species  of  Puff-ball  has  been 
known  to  attain  the  size  of  a  large  gourd  during  a  single  night: 
in  this  case  the  cells  of  which  it  is  composed  are  computed  to  have 
been  developed  at  the  rate  of  three  or  four  hundred  millions  per 
hour.  But  this  rapid  increase  in  size  is  owing,  in  great  pai't,  to  the 
expansion  of  cells  already  formed. 

25.  The  Cell  as  a  living  Organism.  Thus  far  we  have  considered 
only  the  membrane  or  permanent  wall  of  the  cell,  —  that  which 
makes  up  the  tissue  or  fabric  of  plants,  and  which  remains  un- 
altered, and  performs  some  of  its  offices  even  long  after  life  has 
depai'ted.  But  we  should  now  regard  the  cell  as  a  living  thing, 
and  consider  what  the  wall  encloses,  and  what  operations  are 
effected  in  it.  For  the  whole  life  of  the  plant  is  that  of  the  cells 
which  compose  it ;  in  them  and  by  them  its  products  are  elaborated, 
and  all  its  vital  processes  carried  on. 

26.  A  young,  living,  vitally  active  cell  consists,  —  1st,  of  the 
membrane  or  permanent  wall,  already  described ;  2d,  of  a  delicate 
mucilaginous  film,  lining  the  wall,  called  by  Mohl  the  primordial 
utricle  ;  3d,  most  commonly  the  centre  of  the  cell,  and  sometimes 
the  greater  part  of  the  cavity,  is  occupied  by  the  niccleus,  a  soft 
solid  or  gelatinous  body;  and  4th,  the  space  between  the  nucleus 
and  the  lining  membrane  is  filled  at  first  by  a  viscid  liquid,  called 
protoplasm,  having  an  abundance  of  small  granules  floating  in  it. 
As  the  cell  enlarges  by  the  growth  and  expansion  of  its  walls,  the 
space  between  the  latter  and  the  nucleus  becomes  filled  with  watery 
sap,  leaving  the  protoplasm  merely  as  a  viscid  coating  of  the  inside 
of  the  primordial  utricle,  and  of  the  nucleus,  if  this  remains. 

27.  The  cell-membrane,  or  proper  wall  of  the  cell,  is  chemically 
compo  ed  of  the   three  elements,  carbon,  hydrogen,  and  oxygen, 
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and  has  the  same  composition  (when  pure)  in  all  plants.  This  sub- 
stance —  the  general  material  of  vegetable  fabric  —  is  called  CellU' 
lose.  Its  chemical  composition  is  Carbon  12,  Hydrogen  10,  and 
Oxygen  10.  It  is  insoluble  in  water,  alcohol,  ether,  and  dilute  acid><, 
and,  like  starch,  it  turns  blue  when  acted  upon  by  iodine,  aided  by 
sulphuric  acid.  The  primordial  utricle,  or  delicate  lining  of  the 
cell,  appears  to  have  the  same  composition  as  protoplasm.  It  may 
be  regarded  as  an  exterior  portion  of  the  mucilaginous  protoplasm, 
which  has  acquired  the  consistence  of  a  very  soft  meml  rane.  In 
addition  to  the  three  elements,  carbon,  hydrogen,  and  oxygen,  pro- 
toplasm contains  nitrogen,  in  considerable  quantity.  It  is  colored 
yellow  by  iodine,  and  is  coagulated  by  alcohol  and  acids.  The 
substance  of  which  it  principjilly  consists  is  named  by  chemists 
Proteine,  and  is  known  among  vegetable  products  under  various 
forms,  y\z.  a.s  diastase,  gluten,  fibrine,  vegetable  albumen,  and  the 
like.  Such  being  the  nature  and  the  parts  of  the  cell,  we  may  now 
consider 

28.  Its  Formation  and  Growth.  Under  this  head  we  may  briefly 
explain,  as  far  as  we  are  able,  —  1st,  how  cells  are  originated ;  and 
2d,  how  they  are  multiplied. 

29.  Original  Cell-Formation.  Cells  are  originated  only  within  other 
cells,  or  at  least  in  matter  which  has  been  contained  in  and  elab- 
orated by  them.  They  appear  to  be  formed  in  the  following  man- 
ner. A  portion  of  the  elaborated  or  organizable  matter,  which 
abounds  in  the  fluid  contents  of  living  cells,  condenses  into  a  soft 
solid,  or  half-solid  and  more  or  less  transparent  mas?,  usually  of  a 
globular  or  oval  shape,  the  nucleus :  around  this  nucleus  a  portion  of 
protoplasm  accumulates ;  a  denser  film  of  the  same  substance  forms 
on  the  surface  of  the  protoplasm,  giving  the  mass  a  definite  outline ; 
this  is  the  primordial  utncle :  upon  this  a  layer  of  cellulose  is  soon 
deposited,  making  the  ceU-memhrane,  The  nuclei  in  such  cases  are 
very  minute,  and  either  few  or  many  of  them  may  be  formed  in 
one  parent  cell,  and  be  developed  in  this  way  into  new  cells,  which 
are,  at  least  at  first,  of  small  size  as  compared  vnih.  the  parent  cell 
(Fig.  88).  A  variation  of  this  mode  occurs  in  many  of  the  lower 
AlgBB,- where  a  considerable  portion  of  the  contents  of  a  cell  con- 
denses into  a  rounded  mass,  the  surface  becomes  coated  with  a 
layer  of  protoplajfm  or  primordial  utricle,  and  this  with  a  membrane 
of  cellulo  e,  completing  the  cell.  Thus,  in  Vaucheria  the  whole 
green  contents   at   the   end  of  certain  branches   condense   into  a 


28  THE   ELEMENTARY   STRUCTURE   OP  PLANTS. 

globular  mass  (Fig.  89),  which  at  length  is  coated  with  cell-mem^ 
brane,  and  so  becomes  a  cell  of  considerable  size.  In  Zygnema 
(Fig.  635)  the  whole  contents  of  two  cells  are  united,  and  give 
rise  in  a  similar  way  to  one  new  celL 

30.  In  the  higher  or  flower-bearing  division  of  plants,  this  process 
of  original  or  free  cell-formation  occurs  only  in  the  sac  in  which  the 
embryo  is  formed.  The  first  cell  of  the  embryo  onginates  in  this 
way ;  but  all  the  subsequent  growth  is  effected  by  a  different  pro- 
cess. In  the  simplest  grade  of  plants  it  occurs  more  frequently, 
but  only  in  the  formation  of  those  bodies  which  in  them  take  the 
place  and  fulfil  the  office  of  seeds ;  that  is,  which  serve  for  repro- 
duction. 

31.  It  appears,  therefore,  that  the  azotized  or  nitrogenous  mate- 
rial, the  proteine,  plays  the  most  important  part  in  the  formation 
of  cells.  The  layer  of  protoplasm,  with  its  delicate  coating,  the 
primordial  utricle,  precedes  the  proper  cell-membrane,  and  in 
some  unexplained  way  causes  the  latter  to  be  deposited  on  its  sur* 
face.  Ahd  these  soil  nitrogenous  parts  are  the  seat  of  the  whole 
vital  activity  of  the  cell.  The  wall  of  cellulose  may  be  regarded 
as  a  kind  of  protecting  coat  or  shell,  which  constitutes  the  per- 
manent fabric  of  the  plant,  but  is  alive  only  so  long  as  the  living 
protoplasmic  lining  remains. 

32.  In  a  growing  young  cell,  the  walls  enlarge  much  faster  than 
the  nucleus,  and  the  latter  soon  ceases  to  grow  at  alL  It  is  there- 
fore left  in,the  centre,  or  else  remains  adherent  to  the  wall  on  one 
side,  where  traces  of  it  may  often  for  a  long  time  be  detected ;  or 
more  commonly  it  dissolves  and  disappears  altogether.  At  length, 
in  older  cells,  the  liquid  contents  and  the  protoplasmic  lining  al.:o 
disappear,  and  only  the  walls  of  cellulose  remain  as  the  permanent 
vegetable  fabric.  The  fabric  of  plants,  however,  as  has  already 
been  stated,  is  not  built  up  by  original  cell-formation,  but  by 

33.  Cell-Multiplication*  A  living  cell,  formed  in  whatever  manner, 
has  the  power  of  multiplying  itself  by  dividing  into  two,*  these  again 
into  two  more,  and  so  on.  By  this  process  the  single  cell,  which 
each  vegetable  begins  with,  gives  rise  to  the  embryo  or  rudimen- 
tary plantlet  contained  in  a  seed ;  and  by  it  the  embryo  in  germina- 
tion develops  into  a  seedling,  and  the  seedling  into  the  herb,  shrub, 
or  tree.  Vegetable  growth  accordingly  consists, —  1st,  of  the  growth 
or  expansion  of  each  cell  up  to  its  full  size,  which  ordinarily  is  very 
soon  attained ;  and  2d,  of  what  is  called  their  merismatic  multtpltca^ 
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tion,  namely,  the  successive  division  of  cells  into  two.     This  takes 

place  only  when  they  are  young  and  active,  and  mostly  before  thoy 

are  full-grown.     It  is  effected  by  the  formation  of  a 

partition  across  the  cavity  of  the  cell,  dividing  it  into 

two  (Fig.  10-14).     In  this  way,  a  single  cell  gives 

rise  to  a  row  of  connected  cells,  when  the  division 

takes  place  in  one  direction  only;  or  to  a  plane  or 

solid  mass  of  such  cells,  when  it  takes  place  in  two 

or  more  directions,  thus  producing  a  tissue. 

34.  In  this  multiplication  of  cells  by  division,  as  in 
the  original  formation  of  a  cell,  the  contents  and  the 

protoplasmic  lining  play  the  most  im- 
portant part  The  nucleus,  M'hen  pres- 
ent, as  it  commonly  is,  first  divides 
8m^  into  two  (Fig.  11)  ;  then  the  lining  mem- 
Q  brane,  or  primordial  utricle,  is  gradu- 
ally constricted  or  infolded  at  the  line 
of  division,  which,  soon  meeting  in  the 
centre,  separates  the  whole  contents  - 
into  two  pai*ts  by  a  delicate  partition ; 
upon  this  a  layer  of  cellulose  is  de- 
posited as  a  permanent  wall,  which 
completes  the  transformation  of  one 
cell  into  two  (Fig.  21,  22). 

35.  Cells  multiplying  in  this  way,  and  remaining 
united,  build  up  a  row  or  a  surface  of  cells,  or  a  solid  tissue,  ac- 
cording to  the  mode  of  division.  But  in  many  of  the  simplest 
plants,  growing  in  water,  the  cells  separate  as  they  form,  and  be- 
come independent.  A  microscopic  plant  very  common  in  shallow 
pools  in  early  spring,  forming  slimy  green  masses,  well  illustrates 
this,  as  shown  in  Figures  15-19.  At  each  step  of  this  multipli- 
cation new  cell-membranes  are  formed,  and  the  old  one,  for  instance, 
the  wall  of  Fig.  15  and  the  common  envelope  of  the  two  in  Fig.  17, 

FIO.  10  A  young  cell,  —  the  first  cell  of  an  embryo, — with  its  nucleus  In  the  centre. 
11  The  same,  with  its  nucleus  divided  into  two,  and  a  cross-partition  beginning  to  form. 
12.  The  fMtrtition  completed,  so  conrerting  the  first  cell  into  two  18.  The  lower  one  again 
divided  into  two,  making  three  cells  in  a  row.  14.  The  fourth  cell  converted  into  four  by  a 
^vision  in  two  directions,  forming  seven  cells  in  all. 

FIO.  16.  A  single  cell,  or  plant  of  a  kind  of  PalmeUa,  magnified.  16.  The  tame  dividing, 
and,  17,  completely  separated  into  two.  18.  Each  of  these  dividing  in  the  opposite  direc- 
tion, four  cells  are  produced.  Id.  Each  of  these  again  dividing  into  four,  they  produce  a 
cluster  of  sixteen  cells. 
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Hnd  of  the  four  in  Fig.  18,  forms  a  part  of  Ihe  thickness  of  the 
coat  of  each,  or  is  destroyed  by  the  dUtention,  or  eL^  (as  in  the 
present  instance)  is  dissolved  into  a  jelly  A  slight  modification  of 
this  process  occurs  in  -" 

36.  Free  Cell-Hnltiplication  ^ril&in 
11  Mother-Cell,  which  is  intermediate 
in  churacler  between  original  cell- 
formation  and  ord  nary  cell-iuulti- 
phcation  Here  the  whole  contents 
of  a  livmf;  ctll  by  consti-iclion  or 
infolding  of  the  pr  mordial  utricle, 
divide  into  two  or  four  parts  (as 
in  Fig.  81-83),  and  these  maybe 
again  divided; — each  portion  has 
a  coat  of  cellulose  deposited  over 
its  surface,  and  thus  so  many  sep- 
arate cells  are  produced,  lying  loose  „ 
in  the  cavity  of  the  mother-cell,  whose  thin  and 
now  dead  cellulose- wall,  which  is  all  that  is  left  of 
it,  usually  disappears  sooner  or  later,  or  is  broken 
up  by  the  growth  of  the  new  crop  of  cella  within. 
In  this  way  are  formed  the  grains  of  pollen  in  the 
anther,  and  the  spoi-es,  or  bodies  which  answer  to 
seeds,  in  the  higher  grades  of  Flowerlesa  Planla. 

37,  Cdl-Growth.  By  appropriating  assimilated 
matter,  the  young  cell  increases  in  size  until  it 
attains  ila  full  growth;  its  walls,  as  they  expand 

and  enclose  a  greater  space,  not  diminishing,  but  rather  increasing 
in  thickness.  Therefore  it  not  merely  enlarges,  but  grows.  If  it 
grows  equally  in  all  directions,  and  is  not  pressed  upon  on  any  side, 
it  keeps  a  spherical  form ;  if  it  grows  more  in  one  direction  than  in 
any  other  it  becomes  oblong  or  cylindrical.  In  this  way  a  cell  is 
sometimes  drawn  out  into  a  slender  tube ;  of  which  the  fibres  of 
cotton,  and  the  cells  of  fibrous  bark  (Fig.  49)  are  good  examples. 
la  the  simplest  plants,  cells  sometimes  continue  tp  elongate  almost 

7TG    20r     Tbe  branchlTig  AUninlt  of  a  plantEet  of  Cnnferra  ^lomerata,  mft^Sed  ;   bTter 
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inilffinitelj  from  one  end,  by  a  sort  oi  gemmation  or  budding  growCi, 
while  all  the  re  -t  remains  stationary,  or  while  the  opposite  extremily 
b  dead  or  decaying.  Ftg.  20  would  represent  a  case  of  the  kind, 
except  that  partitions  form,  as  the  upper  end  grows  on,  dividing  the 
tube  into  a  row  of  cylindrical  cells.  Sometimes  a  new  point  of 
growth  commences  on  the  side  of  a  cell,  so  giving  rise  to 

38.  finnching  Cdlt  The  hair- 
like bodies  that  copiously  appear 
on  the  surface  of  young  rootlets 
furnish  examples  of  the  kind,  as 
is  shown  in  Fig.  1,  23,  24.  More 
conspicuous  examples  are  fumbh- 
ed  by  certain  Algie  of  the  simplest 
structure,  where  the  cell  branches 
profusely  as  it  elongates,  but  the 
tubes  are  all  perfectly  continu* 
ous  throughout ;  as  ia  Botrydiura 
(Fig.  88),  where  an  originally 
spherical  cell  is  extended  and 
ramified  below  in  the  fashion  of 
a  root;  in  Vaudieria  (Fig.  89),  " 
where  a  slender  tube  forks  or  branches  sparingly ;  and  in  Bryopsis 
(Fig.  91),  where  numerous  branches  are  symmetrically  arranged  in 
two  opposite  rows,  like  the  plume  of  a  feather.     In  these  cases,  the 

fiilly  developed  plant,  with  all  its 
branches,  is  only  one  proliferous 
cejl,  extended  from  various  pointa 
by  this  faculty  of  continuous  bud- 
ding growth.     The  mycelium  or 
spawn  of  Mushrooms,  and  the  in- 
tricate threads  of  Moulds  (Fig. 
92-94)  are  formed  of  very  attenuated  branching  cells.     And  in 
Lichens  and  many  Fungi,  cells  of  this  kind  are  densely  interwoven 
into  a  lilamentous  tissue  (Fig.  25). 

39.  Cjelosis  or  Cirfnlalion  in  Cell*.  In  all  young  cells,  probably, 
at  least  at  some  period,  the  fluid  protoplasm  interposed  between  the 

.  cell-walls  and  the  watery  sap  is  in  a  state  of  movement     Under 

Tva  23  Ui^ilcd  oiIIdIu  Uhus  rrom  lbs  rootlit  or  ■  HedllDg  Mspla ;  loins  of  Uu  «- 
IcnnI  cells  groHinE  out  Inla  nwt-hiln     24   A  hw  dT  Uiecellt  marehtghl;  magntlled 

Pia  26  EntmBl"i.  tOsmmUtaf.  bmoclilng  oelU  (mo  Ihe  flbroui  tisnw  of  tin  Belodar 
LEchfQ  (CludonU  Txn^feduL)}  nugoified- 
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the  microscope,  current,  rendered  more  visible  by  the  <^nltained 
granules  or  solid  atoms,  are  seen  flowing  around  the  cell,  ^r  erojnd 
some  portion  of  its  periphery,  in  a  circuit  which  retuma  uficn  i!.=el£ 
The  cause  of  this  curioua  phenomenon  and  the  object  it  Bubsen-ea 
are  unknown;  but  it-  is  doubtless  a  vital  circulation,  and  not  » 
mechanical  movement.     In   most   plants  it  is  not  to  be  seen  in 
maiure  cells.     But  it  may  be  observed  in  many 
waler-plants  when  fcll^grown,  and  in  the  hairs  on 
the  surface  of  a  great  variety  of  land-plants.     The 
string  of  bead-Kke  cells  which  compose  the  jointed 
hairs  of  the  common  Spider  Lily  (Tradescantin, 
Fig.  6)  show  this  circulation  well,  under  a  magni- 
fying power  of  about  four  hundred  diameters. 
With  ■  this  power,  a   set  of  thread-like  currents 
may  be  seen  to  move  between  the  cell-wall  and 
the  enclosed  colored  contents,  traversing  the  cell 
in  various  directions,  without  much  regularity,  ex- 
cept that  the  streamlets  appear  to  radiate  from, 
and  return  to,  the  nucleus.     The  large  stinging 
haira  of  Nettles,  and  the  bristles  on  the  ovary  of 
Circtea,  show  this  circulation  very  well.     In  the 
latter,  instead  of  the  separate  and  slender  stream- 
lets of  Tradescantia,  we  perceive  a  broad  and  con- 
tinuous stream  flowing  up  on  one  side  of  the  long 
cell,  around  the  summit,  and  down  the  opposite 
side.     This  circulation  may  be  more  readily  ob- 
served in  the  cells  of  many  aquatic  plants.     In 
*  Cliara  and  Nitella,  —  plants  composed  of  large 

cells  liiied  with  green  granules, — a  magnifying  power  of  fifty  or 
one  hundred  diameters  shows  the  circulation  very  well  And  the 
leaves  of  Vallisneria  spiralis  (the  Tape-grass  or  Eel'^jrass  of  fresh 
water)  are  still  more  beautiful  objects,  when  magnified  from  two  to 
four  hundred  diameters.  Through  their  nearly  transparent  walls,  a 
current  of  protoplasm,  usually  carrying  with  it  some  globular  loose 
grains  of  chlorophyll,  may  be  seen  coursing  up  the  entire  breadth 
of  the  wall  of  each  cell,  across  its  summit,  down  the  opposite  side, 
and  across  the  other  end  to  complete  the  circuit ;  and  often  the 
current  is  strong  enough  to  set  the  lai'ge  nucleus,  or  a  central  mass 
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of  green  grains,  into  revolution.  The  circulation  is  more  active  in 
the  subjacent  than  in  the  superficial  layer  of  cells,  although,  occasion- 
ally conspicuous  in  the  latter:  it  is  stopped  or  retarded  by  lower- 
ing, and  accelerated  by  raising  the  temperature.  The  motion  often 
appears  to  be  quite  rapid ;  but  it  should  be  remembered  that  this  is 
magnified  as  well  as  the  object.  Mohl  states  it  to  be  very  slow,  not 
more  than  the  -^^^  of  a  lire  per  second  in  the  hairs  of  Tradescan- 
tia.  But  in  Yallisneria  the  green  grains  sometimes  complete  the 
circuit  of  a  cell  of  the  ordinary  size  in  less  than  twenty  seconds ; 
and  in  the  bristles  on  the  fruit  of  Circsea,  which  are  half  a  line 
long,  Mr.  H.  J.  Clark  has  seen  the  revolution  completed  in  about  a 
minute.  The  circulation  in  one  cell  is  totally  independent  of  that 
in  the  adjacent  ones.  The  current  is  commonly  seen  to  flow  in 
opposite  directions  on  the  two  sides  of  a  partition,  or  to  move  on 
one  side  when  quiescent  on  the  other.  Cyclosis,  whatever  its 
nature  may  be,  evidently  has  nothing  to  do  with  the 

40.  Transferenee  of  FInid  from  Cell  to  Cell.    All  cells,  at  least  when 

young  and  living,  have  perfectly  closed  walls.  There  is  no  passage 
firom  one  to  another  through  visible  openings  or  pores,  although 
such  openings  may  be  formed  in  older  parts.  Nevertheless  fluids 
do  permeate  cell-walls,  as  they  do  all  organic  membranes.  And  in 
this  way  water,  along  with  other  matters  which  the  roots  absorb,  is 
carried  up  into  the  leaves  even  of  the  topmost  bough  of  a  tree, 
passing  in  its  course  through  many  miUions  of  apparently  water- 
tight  partitions.  However  governed  by  forces  inherent  in  the  plant, 
•  the  actual  transference  of  fluids  from  one  cell  to  another  takes  place 
in  obedience  to  a  physical  law,  i.  e.  by  the  process  which  has  been 
named  Endosmose  or  Endosmods,*  and  which  operates  in  dead  parts 

*  Endosmose  and  exosmose  are  names  given  by  Dntrochet  (a  French  physi- 
ologist) to  a  physical  process  of  permeation  and  interchange  which  takes 
place  in  fluids,  according  to  the  following  law,  briefly  stated.    When  two 
liquids  of  unequal  density  are   separated   by  a  permeable   membrane,  the 
lighter  liquid  or  the  weaker  solution  will  flow  into  the  denser  or  stronger, 
1^    with  a  force  proportioned  to  the  difference  in  density  (endosmosis) ;  but  at  the 
•»    same  time,  a  smaller  portion  of  the  denser  liquid  will  flow  out  into  the  weaker 
A     (exosmosis).    Thus,  if  the  lower  end  of  an  open  tube,  closed  with  a  thin  mer^, 
C     br&ne,  snch  as  a  piece  of  moistened  bladder,  be  introduced  into  a  vessel  of  pure 
S    water,  and  a  solution  of  sugar  in  water  be  poured  into  the  tube,  the  water  from 
the  vessel  will  shortly  be  found  to  pass  into  the  tube,  so  that  the  column  of 
liquid  it  contains  will  increase  in  height  to  an  extent  proportionate  to  the 
strength  of  the  solution.    At  the  same  time,  th6  water  in  the  vessel  will  become 
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US  well  as  in  living  ones.  The  law  is,  that  M'hen  two  fluids  of  un- 
equal density  are  separated  by  an  organic  membrane,  or  by  any  thin 
and  porous  partition,  an  interchange  takes  place,  —  more  or  less 
rapidly  according  to  the  thinness  of  the  intervening  partition  and 
the  difference  in  the  density  of  the  fluids  on  the  two  sides, — a  small 
quantity  of  the  denser  fluid  passing  into  the  lighter,  but  a  much  larger 
portion  of  the  lighter  passing  into  the  denser;  and  this  continues 
until  the  two  fluids  are  brought  to  the  same  density.  Hence,  as 
the  cells  of  a  living  plant  always  contain  organizable  or  assimilated 
matter  (mucilage,  protoplasm,  &c.),  which  especially  abounds  in 
young  and  growing  parts,  the  cells  of  the  rootlets  are  always  able 
to  imbibe  the  ordinary  moisture  which  is  presented  to  them  in  the 
soil ;  and  by  diminishing  the  portion  of  water,  or  in  any  other  way 
increasing  the  density  of  the  liquid  contents  of  the  cells  of  any  part 
of  the  plant,  a  flow  may  be  attracted  into  them. 

41.  Increase  of  Cell-walls  in  Thiekness.    Up  to  a  certain  point,  the 

walls  of  cells  thicken  as  they  grow  by  the  incorporation  of  new 
matter  inte^*stitiaUy  into  their  substance.  After  attaining,  for  the 
most  part  rapidly,  a  definite  size,  the  cell  cea«^es  to  enlarge,  and  its 
wall  no  longer  incorporates  new  materials.  Some  cells  remain  with 
exceedingly  thin  and  delicate  walls.  But  in  most  cells  that  make 
part  of  the  permanent  structure  of  a  plant,  the  cell-membrane  con- 
tinues to  thicken  long  after  it  has  ceased  to  enlarge.  Then  the 
new  matter  can  no  longer  be  incorporated  with  the  old ;  but 
the  thickening  is  now  effected  by  its  deposition  on  the  inner  sur- 
face of  the  original  membrane,  between  it  and  the  protoplasmic 


slightly  sweet ;  showing  that  a  small  qaantitj  of  sirup  has  passed  through  the 
pores  of  the  membrane  into  the  water  without,  while  a  much  larger  portion  of 
water  has  entered  the  tube.  The  water  will  continue  to  enter  the  tube,  and  a 
small  portion  of  simp  to  leave  it,  until  the  solution  is  reduced  to  the  same 
strength  as  the  liquid  without.  If  a  solution  of  gum,  salt,  or  any  other  sub- 
stance, be  employed  instead  of  sugar,  the  same  result  will  take  place.  If  the 
same  solution  be  employed  both  in  the  vessel  and  the  tube,  no  transference  or 
change  will  be  observed.  But  if  either  be  stronger  than  the  other,  a  circulation 
will  be  established,  and  the  stronger  solution  will  increase  in  quantity  until  the 
two  attain  the  same  density.  If  two  different  solutions  be  employed,  as,  for 
instance,  sugar  or  gum  within  the  tube,  and  potash  or  soda  without,  a  circula- 
tion will  in  like  manner  take  place,  the  preponderance  being  tovoards  the  denser  ^^ 
fluid,  and  in  a  degree  proportionate  to  the  difference  in  density.  Instead  of  ani- 
mal membrane,  any  vegetable  matter  with  fine  pores,  such  as  a  thin  piece  of  wood, 
or  even  a  porous  mineral  substance,  may  be  substituted,  with  the  same  result 
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limng.     %veTy  degree  of  this  secondary  deposilion  occurs,  from  a 
slight  increase  in   the   thickness  of  the   membrane  to  the  filling 
up  of  the  greater  part  of  the  cavily  of  the  cdU     Any  hard  wood 
furnishes  illustrations  of  this.     Indeed,  the  difference  between  tap- 
mood  and  heart-wood  in  trees  b  principally  owing  to  the  increase 
of  tills  deposit,  which  converts  the  former  into  the  latter;  as  may 
be  seen  by  comparing,  under  the  microscope,  the  tissue  of  the  older 
willi  that  of  the  newest  rings  of  wood, 
taken  from  the   same  tree.     Figures 
196-199  show  this  in  a  piece  of  oak 
wood.      Fig,  29    represents  a  highly 
magnified  cross-section  of  some  wood- 
cells  from  the  bai-k  of  a  Birch,  with  "  " 
their  calibre  almost  obliterated  in  thia  way.     It  is  by  the  same 
process  &at  the  stone  of  the  peach,  cherry,  &c  acquires  its  extreme 
hardness.     Similar  indurated  cells  of  the  same  kind  are  met  with 
even   in   the    pulp   of  some 
fruits,  as  in  the  gritty  grains, 
which  every  one  has  noticed 
in  the  flesh  of  certain  pears, 
especially  of  the  poorer  sorts. 
A  section  of  a  few  cells  of  the 
kind  is   represented   in    Fig. 
27,  with  their  cavity   much 
reduced    and    rendered   very 
irregular  by  this  internal  in- 
!•                             X           crustation.     Similar  celb  may 
be  found  in  some  parts  of  the  tissue  even  of  such  juicy  fruits  as  the 
cranberry  and  the  blueberry  (Fig.  28). 

42.  The  thickening  matter,  when  pure,  is  of  the  same  nature  as 
the  original  membrane  of  the  cell,  that  is,  it  consists  of  cellulose 
(27V  But  with  this  are  mingled  some  mineral  matters,  —  small 
(piandties  of  whidi  must  needs  be  dissolved  in  the  water  which 
the  plant  imbibes  by  its  roots,  and  he  deposited  in  the  cells  of  the 


no.  S9.    mgfal;  nucDUcd  cnH^ecilon 
Oh  tnbes  nearij  ailed  with  ■  depoilt  of  toll 
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wood,  and  especially  in  those  of  the  leavo»^,  where  much  of  the  water 
e?capes  by  evaporation,  —  and  sometimes  certain  coloring  matters 
also,  such  as  give  the  different  tints  to  heart-wood,  &c.  Even 
when  purified  as  much  as  possible  from  all  admixture  of  foreign 
materials,  the  secondary  deposit  is  said  to  differ  a  little  from  cellu- 
lose, or  original  cell-membrane,  in  containing  a  somewhat  largef 
proportion  of  carbon  and  hydrogen :  it  is  therefore  richer  in  combus- 
tible matter.  Forming  as  it  does  the  principal  part  of  the  weight 
of  wood  (lignum),  it  has  received  the  name  of  Lignine  (also  that  of 
ScUrogen) ;  but  it  is  only  cellulose  a  little  modified.  This  difier- 
ence  in  chemical  composition,  however,  shows  why  the  hard  woods, 
such  as  hickory  and  oak,  which  abound  in  this  lignified  deposit, 
should  be  more  valuable  for  fuel,  weight  for  weight,  than  the  soft 
woods,  which  have  little  of  it;  at  least,  when  the  latter  are  not 
charged  with  resinous  matter.* 

43.  The  section  of  the  wall  of  a  cell  thickened  by  internal 
deposit,  when  moderately  magnified,  commonly  appears  to  be  homo- 
geneous and  uniform.  But  under  a  high  magnifying  power  it  may 
oflen  be  distinguished  more  or, less  distinctly  into  successive  con- 
centric layers  (Fig.  27-31).  However  this  may  be,  it  rarely  hap- 
pens that  the  thickening  deposit  is  spread  evenly  over  the  whole 
inner  surface  of  a  cell.  It  is  commonly  interrupted  or  much  thinner 
at  some  places,  so  as  to  give  the  diminished  cavity  of  the  cell  very 
irregular  outlines  (as  in  Fig.  27,  28) ;  or  else  it  is  wanting  at  cer- 
tain small  and  definite  spots,  which,  being  more  transparent,  when 
looked  down  upon  from  the  outside  appear  like  holes  or  pores  (Fig. 
32,  56,  57)  or  slits  (Fig.  58,  59),  according  to  their  shape.  In  this 
way  are  formed  the  various 

44.  Markings  of  the  Walls  of  Cells.  These,  whether  in  the  form  of 
bands,  spiral  lines,  dots,  or  apparent  pores,  all  arise  from  the  unequal 


*  From  the  manner  in  which  the  thickening  takes  place,  it  would  appear  that 
the  innermost  layers  must  always  be  the  most  recent.  But  M.  Trecul  has  con- 
vinced himself  that  the  primary  cell-membrane  sometimes  produces  a  secondary 
one  outside  of  itself,  as  well  as  on  the  inside,  so  that  the  original  cell-wall  is 
intermediate.  And  also,  that,  when  the  thickening  deposit  is  wholly  within  the 
primary  wall,  the  intermediate  layers  are  occasionally  secreted  in  some  way  by 
the  outer  or  inner  ones,  and  therefore  more  recent  than  the  inner.  Unlikely 
as  all  this  seems,  M.  Tr^cul's  investigations  are  entitled  to  great  attention. 
His  elaborate  memoir,  upon  Secondary  Formations  in  Cells,  is  published  in  the 
Annales  des  Sciences  Naturelles,  4th  ser.  Vol.  II.  1854. 
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distribution  of  the  secondary  deposit.  They  are  portions  of  the 
walis  which  are  either  thinner  or  thicker  than  the  rest  These 
markings  display  the  greatest  variety  of  forms,  many  of  them  of 
surpassing  elegance.  The  principal  kinds  occur  with  periect  uni- 
formity in  each  spedes  or  family,  and  in  definite  parts  of  the  plant ; 
EO  that,  in  a  multitude  of  cases,  the  sort  of  plant  nmy  be  as  certainly 
identified  by  the  minut«  sculpture  of  its  cells  alone,  as  by  more  con- 
spicnous  external  characters.  They  are  preserved  even  when  the 
tissue  is  fossilized,  and  the  »  " 

external  form,  with  every 
outward  appearance  of  or- 
ganization,  is    obliterated. 

Through    thin    slices    and  '  , 

other  contrivances,  the  hid- 
den structure  b  revealed 
under  the  micnMcope,  and 
thus  the  true  nature  of  the 
earth's   earliest  vegetation 
may  be  often    satisfactorily   made  out. 
In  this  way,  and  by  taking  advantage  of 
the  fact,  that  the  secondary  deposits  in 
the  cells  contain  a  good  deal  of  mineral 
matter,  whieb  is  left  behind  in  the  ashes, 
Professor  Bailey  was  able  first  to  dis- 
cover vegetable  structure  in  anthracite 
coal.*     The    simplest    and    commonest 
markings    are    those   which    appear    as  , 
pores  or  holes,  but  are  really 

45.  DoU  or  Pib,  such  a^  those  on  the 
cells  of  the  pith  of  Elder  (Fig.  38),  and  '      »       ' 

*  See  Silliman's  American  Joarual  of  Science  and  Arts,  New  Scries,  VoL  L 

no,  SI.  lliigiiUnl  croB-Hotioa  of  t  mull  ponlan  aT  hnn-wood  of  Ihs  Pluw-tm  « 
Bnttonwwd  (PJituiu  occident>lU|.  32.  A  CDrrnponding  losgltiidiiul  lection,  panlLeL  with 
On  clicumfcnDce.  a,  The  dotWd  woodr  Utaot ;  Uh  lowsr  ends  of  Iha  two  nlk  u  wbicb  tb* 
Mten  an  tppeDtltd  u«  di>idtd  kogtbwlge,  n  u  to  show  the  Irngnbiil;  thklinwd  alibn ; 
tbe  oLherfl  an,  mutly  anCire,  ihowlog  the  dote :  la  the  cnasHwctlon  the  Kconduy  depMLI  le 
mix  to  Form  lndbtlucC  lajers,  and  some  of  th«  dota  to  fbrm  canals  of  lateral  commmilcatioD. 
t,  Dotlnl  ducts :  Uu  middle  ooa  In  tha  loui^tadlnal  section  li  obllqusir  Jointed,    c,  Hedollai; 

?I0.  33.  Portion  of  thnr  colli  of  the  woodj  tlisna,  with  both  tnnsrene  and  longHndlnal 
■KtlOD,  higblj  ma^Difldl,  showljiiE  tha  anals  or  deep  pits  In  the  thickened  walls,  end  their 
appoaitkni  in  a^^oiniiic  colls ;  on  tbe  nrnsa  trrtirm  the  laj/en  of  dapoait  an  mora  plainly  vUlbla, 
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npon  what  are  willed  doKed  duels;  ns  in  Fig.  32,  J,  and  Fig.  56,  57. 
All  markings  of  this  kind  are  thin  spots,  which,  for  foma  reaFon, 
have  not  partaken  in  the  general  thickening  of  the  wall.  Although 
they  are  not  primarily  pores  or  real  perforations,  yet  lliey  often  be- 
come BO  with  age,  by  the  destruction  of  the  thin  primary  membrane, 
after  the  cell  has  Iwt  its  vitality.  Fig.  32  shows  these  dots  on  the 
wood-celld  and  the  ducts  of  the  Plane-tree.  And  Fig.  33,  represent- 
ing some  of  the  wood-cells  more  highly  magnified,  explains  their 
real  nature,  namely,  as  deep  pits  in  the  thick  wall.  It  will  be  seen 
that  the  pita  of  contiguous  cells  exactly  correspond ;  showing  that 
there  is  nothing  accidental  in  the  origin  or  the  arrangement  of  these 
markings.  They  are  manifestly  designed  for  maintaining  conununi- 
cation  between  contiguous  cells,  and  for  the  ready  conveyance  of  the 
sap  from  cell  to  cell,  notwithstanding  the  thickening  of  their  walls. 
Of  similar  nature,  although  of  greater  size,  are  the  so-called 
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46.  Diui  or  CirtBlar  Markingi  of  Coniterom  Wood  (Fig.  34-37). 
These  are  of  universal  occurence  in  the  wood  of  Pines,  Firs,  and  all 
that  family  of  Coniferous  trees ;  and  something  very  like  them,  if 
not  the  same,  occurs  in  the  Winter's-Bark  tree  (as  long  ago  shown 
by  Mr.  Brown),  the  Star-Anise,  and  even  in  the  Magnolia,  and  other 
aromatic  trees.  They  may  readily  be  seen  in  a  thin  Pine  shaving, 
taken  parallel  with  the  silver-grsun :  for  in  the  Pine  family  they  are 
nearly  all  found  on  the  lateral  walls  of  the  ceils,  few  or  none  being 
visible  on  the  sides  which  look  towards  the  bark  or  towards  the 
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pith;  while  the  smaller  dol«,  of  the  ordlnnry  hind,  aa  on  the  wood- 
celh  of  the  Plane-tree  (Fii;.  32),  arc  mo~t  abundant  on  the  sides  thai 
look  towards  the  cenlre  and  the  circumference  of  the  trunk.  The 
nature  of  these  disc-like  markings  is  pluinly  revealed  in  the  accom- 
panying microscopical  dissections  of  Wliite-Pine  wood  (Fig.  SO,  37). 
They  are  thin  places,  which  have  not  received  the  thickening  deposit 
that  has  lined  all  the  rest  of  the  calibre,  or  have  received  it  in  a 
lesser  degree.  Those  of  contiguous  wood-cells  always  exactly  cor- 
respond, just  as  do  the  smaller  dots  or  pits  of  ordinary  wood ;  and 
the  two  cell-membranes  separate  from  each  other,  each  being  somc- 
wbat  curved  inward,  thus  leaving  a  lenticular  space  between  them, 
like  that  between  two  watch-glasses  put  tt^ther  by  their  edges. 

47.  Baodt,  Bil^,  or  Sl^ral  Harklngl.  The^^e  are  mostly  deRniie 
portions  of  the  wall  more  thickened  than  the  rest ;  as  is  shown  by 
the  spiral  vessel,  where  the  secondary  formation  is  restricted  to  a 
delicate  thread,  capable  of  being  unwound  (GO),  and  particularly 
by  the  remarkably  thick  plate  which  winds  around  in  the  cells  of 
certain  Cacti,  like  a  spiral  staircase  (Fig.  42,  43).  The  accompany- 
ing figures  illustrate  various  forms  of  banded,  reticulated,  or  spiral 


48.  When  the  primitive  walls  of  such  banded  cells  remain  very 
thin  and  delicate,  they  are  apt  to  become  obliterated  at  maturity, 
leaving  the  firmer  fibrous   markings  as   separate   threads.     This 


no.  38.    A  mD  dT  the  pith  of  Elder,  n 

no.  3».  c«Uior  thiiufocspbKgDiui 

FTQ.  10  -  43  SplraJl;  budcd  cells  tm 
FIO.  44.    Haln  Crom  Ou,  Med-cnt  ot  I 

ctbtt  with  >  set  ofiliiia  deisloped  ou  the 
FIG.  15.    TluHie  from  tbt  Univc  of  the 

or  the  nils  bslDg  soon  oblllHKUd,  noihlns 


>r  Fett-Uosi,  muked  vl 
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occurs  in  the  tissue  that  lines  the  walls  of  the  anther ;  and  in  this 
way  the  spirally  marked  tubes  (called  Platers)  which  occur  in  the 
spore-cases  of  the  Hepatic  Mosses  or  Liverworts  are  converted  into 
elastic  spiral  threads.     Of  a  similar  nature  are  the 

49.  Gelatinous  Coih)  or  soil  spiral  threads,  such  as  occur  in  the 
hairs  or  projecting  cells  which  invest  the  coats  of  many  seeds  or 
seed-like  fruits,  and  which  when  moistened  often  uncoil  and  are 
projected  from  the  bursting  cell  in  a  striking  manner.  When  water 
is  applied,  this  is  absorbed  by  endosmosis  (40),  the  gelatinous  threads 
swell,  burst  the  cell-membrane,  and  gush  out  in  the  form  of  uncoil- 
ing mucilaginous  fibres  or  bands.  Good  examples  of  the  kind  are 
furnished  by  the  seeds  of  C5ollomia  and  Gilia,  and  by  hairs  or  papillse 
on  the  seed-like  fruits  of  numerous  species  of  Senecio  and  the  allied 
genera.  Those  of  Crocidium  project  a  thick,  mucilaginous,  twisted 
,  band,  in  place  of  a  thread.  They  may  subserve  a  useftil  purpose  in 
fixing  light  seeds  to  the  ground  where  they  lodge,  by  means  of  the 
moisture  of  the  first  shower  they  receive. 


Sect.  III.    Of  the  Kinds  or  Transformations  of  Cellular 
Tissue;    viz.  Woody  Tissue,  Ducts,  etc. 

50.  The  statements  of  the  preceding  section  apply  in  general  to 
the  cells  of  which  all  plants  are  composed,  irrespective  of  the  mani- 
fold forms  they  may  assume,  and  of  some  peculiar  transformations 
they  may  undergo.  Some  of  these  should  now  be  specified;  as 
they  give  rise  to  kinds  of  tissue  so  unlike  the  ordinary  cellular,  in 
outward  appearance  at  least,  that  they  have  always  been  distin- 
guished by  special  names.  We  allude  particularly  to  Woody  Tissue 
or  Woody  Fibre,  and  Vascular  Tissue  or  Vessels,  of  various  forms. 
These,  although  formerly  regarded  as  of  independent  origin,  are 
now  known  to  be  mere  modifications  of  one  common  type,  the  cell, 
and  are  produced  in  the  same  mode  as  ordinary  cells.  So  all  the 
statements  of  the  foregoing  section,  in  respect  to  the  formation,  mul- 
tiplication, and  growth  of  cells,  are  equally  applicable  to  these  also. 
Some  kinds  difier  from  ordinary  cells  in  shape  alone ;  others  result 
from  their  combination  or  confluence.  This  is  shown  in  two  ways : 
first,  by  noting  the  intermediate  gradations  which  may  be  found  be- 
tween every  particular  sort;  and  secondly,  by  watching  their  de- 
velopment and  tracing  them  directly  from  their  earliest  condition,  as 


PARENCHYMA   A.ND   I'UOSEXCIIYIIA.  41 

ordinary  cells,  to  Ihe  peculiar  forms  they  soon  assume.  In  enumer- 
ating the  kinds  of  vegetable  tiasue,  we  commence  with  cellular  tissue 
strictly  BO  called,  or 

51.  FaKntbTma.     This  is  the  dbtinclive  name  for  ordinary  mem- 
branous cellular  tissue  in  general,  such  as  that  which  forms  the  pitli 
of  stems  and  their  outer  bark.     In  the  most  restricted  application,  it 
belongs  to  such  tissue  when  composed  of  angular  or  polyhedral  cells 
(as  in  Fig.  1  —  3,  9,  &c.) ;  the  name  of  Merenc/iyma  having  been 
proposed  for  the  looser  tissues  {as  in  Fig.  7,  and  in  the  pulp  of 
leaves  and  fruits  generally),  formed  of  rounded  or  ellipsoidal  cells, 
that  is,  where  they  do  not  mutually  impress  each  other  into  plane 
faces.     But  this  distinction  vanishes  in  the  numberless  intermediate 
states;  and  the  name  of  Parenchyma  is  applied  to  both.     That  in 
which  the  walls  touch  each  other,  more  or  less,  and  leave  interven- 
ing spaces  where  the  ends  or  sides  are  rounded  off,  is  termed  by 
Schleiden  incomplete  parenchyma  ;  and  that  in  which  the  cells  are  in 
perfect  contact  on  every  side,  complete  parenchy- 
ma.     The  latter  is  reyular,  when  the  cells  are 
dodeeahedral  or  cubical ;  elongated  or  prismatic, 
when  extended  longitudinally ;  and  tabular,  when 
cubical  cells   are    much   flattened ;    one   kind   of 
whicli,  called  the  muri/orm,  because  Ihe  laterally 
compressed  cells  appear  in  the  magnified  section 
like  courses  of  bricks  in  a  wall,  is  seen'  in  the 
silver-grmn  of  wood  (Fig.  192). 
'    52,  Frosenehymt  b  the  general  name  for  tissues 
formed  of  elongated  cells,  especially  those  with 
pointed  or  oblique  extremities.     Every  gradation 
may  be  traced  between  this  and  parenchyma.     As 
to  length,  such  cells  vary  from  fusiform,  or  spindle- 
shaped,  only  three  or  four  times  longer  than  broad, 
to  tvimlar,  and  to  tubes  so  long  and  narrow  that 
they  are  commonly  called  fibres.     The  most  char- 
acteristic form  of  prosenchyma  is 

63.  Woody  TisiDt.  {Pleurenckyma  of  Meyer  and 
Lindley,  Woody  Fibre  of  the  older  authors,) 
Wood,  which  makes  up  so  lai^e  a  part  of  trees 

Fia.  46.  Somt  inxid«lLB  at  ttw  Plu*-t  «  or  Bnttoniniod,  bigbljr  mignlflnl :  a,  thin 
■p4t«  Ld  thA  wnlli.  looking  1ik«  hoia  \  dd  ti»  Tiffht-buid  aldo,  irb«n  tha  waUa  va  cut  tbroughf 
tb«a  (I>)  an  nni  In  proAla. 
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and  shrubs,  and  some  part  of  almost  all  ordinary  herbaceous  plants, 
is  wanting  in  Mosses  and  plants  of  still  lower  grades,  such  as 
Lichens,  Sea-weeds,  and  Fungi.  That  is,  in  the  latter  there  is  no 
formation  corresponding  to  the  wood  of  higher  plants,  although 
many  of  them  exhibit,  at  least  in  certain  parts,  cells  more  or  lesa 
elongated,  or  even  drawn  out  into  tubes  or  hollow  fibres  of  greatei 
length  and  tenuity  than  are  those  of  ordinary  wood;  such,  foi 
instance,  as  the  interlaced  fibrous  tissue  of  Lichens  (Fig.  25)^ 
Nor,  on  the  other  hand,  does  the  proper  wood  of  trees  (except  iu 
the  Pine  family)  consist  entirely  of  what  is  named  woody  tissue, 
but  has  some  other  sorts  variously  intermingled  with  it.  Indeed, 
there  are.  some  trees  whose  wood  is  almost  entirely  composed 
of  true  parenchyma,  or  of  large  dotted  cells ;  while  in  stone-fruits, 
and  many  like  cases,  common  parenchymatous  cells  acquire  by  in- 
ternal deposit  (41)  a  ligneous  consistence,  and  even  greater  hardness 
than  ordinary  wood  (39).  Nevertheless,  the  principal  and  charac- 
teristic component  of  wood  in  general  is  thick-walled  prosenchyma. 
So  that  this  takes  the  name  of  woody  tissue  even  in  the  bark  and 
leaves,  as  well  as  in  the  trunk.  Fig.  32  represents  some  of  the 
various  elements  of  the  wood  of  the  Plane-tree.  And  Fig.  46  ex- 
hibits three  or  four  wood-cells  from  the  same  tree,  more  highly 
magnified;  the  two  right-hand  ones  cut  through  lengthwise,  and 
one  of  these,  at  the  upper  end,  with  a  piece  of  another,  also  cut 
across,  to  show  the  thickness  of  the  walls. 

54.  This  and  the  following  figures  likewise  show  how  the  wood- 
cells  are  as  it  were  spliced  together,  overlapping  one  another  by 
their  tapering  ends.  Forming  wood  consists  of  oblong  or  prismatic 
cells,  with  their  ends  nearly  square  or  merely  oblique:  as  these 
young  cells  lengthen,  the  ends  become  more  oblique,  and  push  by 
each  other,  or  become  wedged  together.  The  wood-cells  repre- 
signted  in  Fig.  46  are  about  2UTr(5  ^^  ^^  i^^h  in  diameter.  Those  of 
our  Linden  or  Bass-wood  (a  few  of  which  are  shown  in  Fig.  50,  51) 
are  rather  larger,  but  not  more  than  x^tj-  of  an  inch  in  diameter.* 
Their  size  varies  in  different  plants  almost  as  much  as  ordinary  cells 
do,  but  they  are  usually  much  smaller  than  parenchyma,  especially 
in  herbaceous  plants.  Perhaps  the  largest  are  found  in  the  Pine 
family,  where  they  are  of  a  peculiar  sort,  and  are  often  as  much 


*  Lindley  states  that  the  woody  tubes  of  the  Linden  are  as  much  as  -^^  of 
an  inch  in  diameter ;  but  I  find  none  of  anything  like  this  size. 
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i*^  ■^i'j  '^^  a'v  '^^  ^"^  i')<^'>  it  diameter.     The  density  or  closene^  of 
grain  in  wuud,  however,  does  not  depend  so  much  on  the  fineness 
of  the  wood-cells  as  upon  the  thickness  of  their  wall^.     This  ia 
much   greater  in   proportion   to  their  diameter  than  in  ordinary 
pareochjma,  and,  with  iheir  slendemess,  and  their  very  compact 
aiTangement  into  tlireads  or  masses  which  run  lengthwise  through 
the  stem,  conspires  to  give  the  toughness  and  strength  which  charac- 
terize those  parts  in  which  this  tissue  abounds.     In  old  wood  of  the 
harder  kinds,  the  walb  of  the  cells  become  so  thick  as  almost  to 
obliterate  the  calibre  (Fig,  198).     The  thickening  is  generally  uni- 
fonn,  ^ving  rise  to  no  markings  except  the  pits,  or  small  thin  spots, 
already  described  (45),  which  appear  like  pores.     These  are  of  very 
general  occurrence,  and  are  readily  seen  in  the  wood  of  the  Plane- 
tree  (Fig-  32,  a,  46).     Markings  of  this  kind  are  most  conspicuous 
in   the  Diic-bearing   Woody  Tissue  {Glandular    Woody  Tissue  of 
Lindley)  of  the  Pine  Family,  the  nature  of  which  has  just  been 
explained  (46).     On  account  of  iheir  markings  and  their  unusual 
size,  and  because  in  the  Pine  &mily  they  make  up  the  wood  without 
any  admixture  of  ducts,  these  pecu- 
har  wood-cells  have  been  thought  to 
be  rather  a  form  of  vascular  tissue. 
But  in  the    Star-Anise   much  the 
same  kind  of  marking  is  found  on 
undoubtedly  genuine  woody  tissue 
(Fig.    47).     In  the   Yew,  on   the 
other    hand,  where    the   discs    are 
few,  delicate  spiral  markings  appear 
(Fig.  48),  showing  a  transition  be- 
tween the  proper  woody  and  the 
vascular  tissues ;  as  is  seen  by  com- 
paring the  figure  with  that  of  a 

spirally  marked  duct  of  Bass-wood,  "  ** 

Fig.  50,  a.  Here  the  thickening  deposit  is  in  two  successive  and 
dissimilar  layers ;  the  first,  with  circular  vacuities,  forming  the  discs, 
while  the  second  or  innermost  bears  the  spiral  markings. 

no.  47.    Hagiiatd  woodj  tkuiH  of  lUkinm  Floridimam  (loDglCadlDiil  Tiev),  muked  vlCh 
Igjge  dou,  Uke  the  lUwi  on  tta«  miod-cdla  of  (lie  Plua  Ibmlly. 
FIO.  4B.     MagclBiHl  wood;  tiatua  fiom  the  Amflriuo  Tnw  (loagitndinal  liew),  xnne  cell* 
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oS.  But  Tlune,  or  Wbod^  TiMtue  of  the  Liber.     The  batt  or  htus, 
fibrous  inner  bark,  or  liber,  as  it  is  variously  termed,  of  thojcplanU 
n        so  n  *^*^  ^^'■'^  »  IniB  bark   sepanible  from 

the  wood  of  the  stem,  usually  consists  of 
or  contains  much  longer,  very  thick-sided, 
Mid  tougher,  but  more  soft  and  flexible 
cells,  than  those  of  the  wood  itself.  These 
properties  are  "  probably  given  them  that 
they  may  possess  the  strength,  combined 
with  flexibility,  which  their  position  near 
the  circumference  of  a  branch  renders 
necessary."  These  especially  adapt  them 
to  the  useful  purposes  they  so  largely 
subserve  for  clothing  and  cordage.  The 
textile  fibres  of  flax,  hemp,  &c.  are  all  de- 
rived from  this  woody  tissue  of  the  bark, 
separated  from  the  brittle  cells  of  the 
wood  itself,  and  freed  from  the  surround- 
ing thin-sided  parenchyma  by  macera- 
tion (which  soon  decomposes  the  latter) 
and  by  mechanical  means.*  The  length 
of  bast-cells  aa  compared  with  wood-cells 
is  exemplilied  in  the  accompanying  figures 
jj  M       M        '^''  ^^^  '"'**'  '™"^  **"''  Basswood  (Fig.  49 

y./-  -51).     The   difference   in  the   thickness 

of  the  walls  in  this  case  is  also  great ;  the  cells  of  the  eofl  wood  hav- 
ing rather  thin  walls  even  when  old  (Fig.  52),  while  those  of  the 


*  Collon  dillbre  from  linen  in  miiny  respects,  and  is  of  a  veiy  different  origin. 
It  coniiisis  of  bairs,  or  long  tubular  reih,  growing  on  [he  seeds  of  the  plant. 
'  These  have  very  thin  wnila,  whicb  coll&pse  go  that  the  tube  flattens,  and  then 
twiala  spirally,  which  gives  them  a  peealiar  adaptation  to  be  span,  or  drawn  out 
tO|:[etber  by  torsion  into  a  thread,  contjguons  fibres  thus  moderately  clin^Dg  to 
each  other  b»  they  are  drawn  ont.  But  they  have  not  each  thick  and  too^ 
walls  aa  iiber-celU  ;  so  a  cotton  fabric  is  not  so  heavy  nor  so  durable  as  linen. 


rom  thfl  bark  of  Am«4cu  BtHwood,    . 
(h,  a,  nppvr  and  of  &  ipLrtJlj-mukwl  da 
to  tho  aune  dpffree 
I  of  tiM  Bauwood,  hl(b1y  nugnlBed.    I 

If  the  Lee,Uier.wood  (Dlra  piluiitrii),  mi 
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bast  (Fig.  53)  are  so  extremely  thick-walled  as  almost  to  obliterate 
the  cavity.  The  disproportion  in  length  is  still  greater  in  our 
Leather-wood,  which  has  a  bark  of  extraordinary  toughness,  used 
for  thongs,  while  the  wood  is  very  brittle  and  tender.  Its  capillary 
bast-cells  measure  from  an  eighth  to  a  sixth  of  an  inch  in  length, 

with  an  average  diameter  of  ^jAstt  ^^  <^  ^^^^  (so  ^^^U  ^^  ^^^  whole 
length  of  a  cell,  magnified  as  in  Fig.  54,  55,  were  given,  the  figure 
would  be  from  a  foot  to  a  foot  and  a  half  in  length) ;  while  tho^^e  oi 
the  wood  itself  are  only  the  hundredth  of  an  inch  long.  Among  the 
bast-cells  are  found  the  longest  celb  which  occur  in  any  tissue.  Still 
the  individual  cells  are  by  no  means  absolutely  so  long  as  they  are 
supposed,  and  have  sometimes  been  stated,  to  be.  Few  are  of  such 
length  as  those  of  the  Leather-wood,  above  mentioned.  According 
to  Mohl  (Bot.  Zeit  1855,  p.  876)  there  are  few  plants  in  which 
they  exceed  the  twelfth  of  an  inch ;  but  he  has  found  them  an  inch 
long  in  Flax  and  in  our  common  Milkweed  (Asclepias  Comuti),  and 
somewhat  longer  in  the  Nettle. 

56.  Woody  tissue  runs  lengthwise  through  the  stem,  root,  or  other 
organ ;  hence  it  is  sometimes  designated  as  Longitudinal  Tissue,  the 

Vertical  or  Longitudinal  System  of  the  stem,  &c  It  shares  this 
name,  however,  with  some  other  forms  of  tissue  which  accompany 
it,  particularly  in  the  wood.  The  cells  which  compose  it  agree 
in  exhibiting  markings  of  some  kind  on  their  walb,  and  in  being 
larger  than  those  of  woody  tissue :  they  are  all  more  or  less  tubular, 
or  conspire  to  form  tubes  of  considerable  length,  and  hence  they  have 
all  been  combined,  in  a  general  way,  under  the  name  of 

57.  Taseular  Tissue  or  Vessels.  Not  to  be  misled  by  the  name,  it 
should  be  remembered  that  these  so-called  vessels  are  mere  modifica- 
tions of  cellular  tissue,  and  are  wholly  unlike  the  veins  and  arteries 
of  animals.  It  is  much  better  to  call  them  ducts,  a  name  appropriate 
to  their  nature  and  office,  and  leading  to  no  false  inferences.  Their 
true  nature  is  most  readily  shown  in  the  largest  and  most  conspicu- 
ous kind,  one  which  often  exhibits  unequivocal  indications  of  its 
cellular  origin,  viz. 

58.  Dotted  Duets,  called  also  Pitted  or  Vasiform  Tissue,  Bothren- 
chyma,  &c.  (Fig.  56,  57).  They  have  likewise  been  termed  Porous 
CeUs  or  Porous  Vessels  ;  but  the  numerous  dots  that  characterize 
them  are  places  which  have  not  been  thickened  in  the  manner 
already  explained  (41,  44),  and  not  perforations,  except  in  old  celR 
where  the  primar}'  membrane  may  be  obliterated.     Sometimes  they 
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are  continuous  tubes  of  considerable  length  (Fig.  57)  ;  but  occasion- 
ally they  exhibit  cross-lines  at  certain  intervals,  plainly  showing  that 
they  are  made  up  of  a  row  of  cells  placed  end  to 
end,  and  becoming  a  tube  by  the  obliteration  of  the 
intervening  parliiiona  (Fig.  5fi).     In  Fig.  32  some 
dotted  duels  (one  of  them  exhibiting  oblique  parti- 
tions or  enda)  are  shown  in  place  among  the  woody 
tissue.     It  is   in    the  wood   that  they  commonly 
abound.     Being  of  greater  calibre  than  any  other 
cells  or  vessels  found  there,  they  fonn  the  pores  so 
conspicuous  to  the  naked  eye  on  the  cross-section 
of  many  kinds  of  wood,  such  as  of  Oak,  Chestnut, 
"         "         and  Mahogany,  as  well  as  the  lines  or  channels 
seen  on  the  longiludinal  section.     Their  size,  compared  with  that  of 
the  wood-cells  in  the  wood  of  the  Plane-tree,  is  shown  both  in  longi- 
tudinal and  transverse  section,  in  Fig.  31,  32. 

59.  ScHlariform  Dotts  (Fig.  58,  59),  differ  from  dotted  ducts  only 
in  the  form  of  the  markings,  the  thin  spots  being  transversely  elon- 
gated instead  of  circular,  and  appearing  like 

cPoss-bars,  which  have  been  likened  to  the 
rounds  of  a  ladder,  whence  the  name.  This 
is  the  more  striking  when  the  ducts  are  pris- 
matic (by  mutual  pressure)  and  the  cross-bars 
occupy  nearly  the  whole  length  of  each  side,  as 
in  Fig.  58.  Ducts  of  this  sort  abound  in  the 
stems  or  stalks  of  Ferns.  The  markings  are 
often  spiral  in  their  arrangement;  as  ia  shown 
in  Fig,"  50,  by  the  way  the  duct  tears  into  a 
band.  Ducts  of  this  and  of  the  foregoing  sort, 
where  the  markings  are  thin  places,  have  been 
named  by  Morren  and  Lin^Iey  Bothrenchyma, 
meaning  pitted  tissue. 

60.  Reticulated,  AudiiIbt,  and  Spiral  Dacts  (Fig.  6( 
other  hand  (called  Trachea,  from  their  resemblance  (< 
or  rather  to  the  tracheas  or  lur-tubes  of  insecfs),  have  been  dioti 
guished  by  Morren  and  Lindley  under  the  general  name  of  Tracken- 
ckyma.     In  these  the  markings,  at  least  in  most  cases,  are  thicker 
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places  than  the  rest  of  the  wall.  They  are  elongated  cells,  or  tubes 
formed  by  the«confluence  of  several  cells  into  one,  with  the  delicate 
walls  strengthened  by  the 
deposition  on  their  inner 
surface  of  additional  ma- 
terial, in  the  form  of  bands, 
sometimes  branching  and 
forming  network  (the  Re- 
tictdated  duct)^  as  in  the 
middle  of  Fig.  60,  or  of 
rings  (the  Annular  duct), 
as  in  the  middle  of  Fis:. 
61,  or  of  a  continuous  spi- 
ral thread  (Fig.  62,  63),  or 
a  number  of  such  threads 
(Fig.  64),  thus  forming  the 
Spiral  duct  or  Spiral  vessel.  The  coiled  thread  has  been  generally 
thought  to  be  solid.  But  Trecul,  in  a  memoir  already  referred  to 
(42,  note),  insists  that  it  is  hollow,  and  it  reaDy  appears  to  be  so  in 
the  thick  threads  or  bands  of  certain  cells  in  the  wood  of  several 
a   h     e    d    »        sorts  of  Cactus,  such  as  are  shown  in  Fig.  40  -  43, 

which  are  well  adapted  for  the  investigation  of 
this  point.  In  the  true  Spiral  Vessel  the  fibre  is 
so  strong  and  tough,  in  comparison  with  the  deli- 
cate membrane  on  which  it  is  deposited,  that  it 
may  be  torn  out  and  uncoiled  when  the  vessel  is 
pulled  asunder,  the  cell-wall  being  destroyed  in 
the  operation.  This  is  seen  by  breaking  almost 
any  young  shoot  or  leafstalk,  or  the  leaf  of  an 
Amaryllis,  and  gently  separating  the  broken  ends ; 
when  the  uncoiled  threads  appear  to  the  naked 

FIG-.  60.  A  portion  of  atjuct  from  the  leafstalk  of  Celery  ;  the  lower  part  annular;  the 
middle  reticulated^  and  the  thread  at  the  upper  part  broken  up  into  short  pieces. 

FI6.  61  Duct  from  the  Wild  Balsam  or  Jewel-weed ;  the  coila  of  the  thread  distant ;  a 
portion  forming  separate  rings. 

FIQ.  62.    A  simple  spiral  vessel,  torn  across,  with  the  thread  uncoiling. 

FIQ.  63.    Two  such  yes.sels  joined  at  their  pointed  extremities. 

FIQ.  64     A  compound  spiral  yessel,  partly  uncoiled,  from  the  Banana. 

FIQ.  65.  A  bundle  of  spiral  ducts  from  the  stem  of  Prince's  Feather  (Polygonum  orientale), 
magnified  :  a,  one  composed  of  short  cells  and  with  the  fibre  closely  coiled :  the  next,  &,  is 
composed  of  much  longer  joints,  and  ha^s  a  very  loose  coil :  c  is  short-jointed,  and  the  fiVre  of 
the  loose  coil  is  occasionally  forked  :  d  and  e  show  no  appearance  of  joints  or  partitions,  ai.d 
t!ie  turns  of  the  spirjd  fibre  are  still  more  remote. 
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eje  like  a  fine  cobewb.  In  stems  furnished  with  pith,  the  spiral 
vessels  usually  occupy  a  circle  immediately  around  i^  They  occur 
also  in  the  veins  of  the  leaves,  and  in  all  parts  which  are  modifi- 
cations of  leaves.  More  commonly  the  coil  is  formed  of  a  single 
fibre,  as  in  Fig.  62,  63 :  it  rarely  consists  of  two  fibres ;  but  not 
uncommonly  of  a  considerable  number,  forming  a  band,  as  in  Fig. 
64.  Spiral  vessels  of  the  latter  kind  are  to  be  found  in  an  Aspara*^ 
gus  shoot,  and  are  finely  seen  in  the  stems  of  the  Banana.  From 
the  Musa  textilis  of  Manilla,  of  the  same  genus  as  the  Banana, 
these  cobwebby  fibres  are  said  to  be  extracted  in  large  quantities, 
and  used  in  the  production  of  the  most  delicate  of  textile  fabrics. 

61.  True  spiral  vessels,  capable  of  uncoiling,  occur  in  all  plants 
of  the  higher  grades,  but  only  in  particular  parts.  Reticulated  and 
annuliir  ducts  abound  in  most  herbaceous  stems ;  and  every  transit 
tion  may  be  detected  between  the  various  kinds.  Fig.  65  shows  a 
number  of  variations,  such  as  may  be  seen  at  one  view  in  the  stem 
of  a  Polygonum.  Some  have  the  fibre  closely  coiled ;  in  others  the 
turns  are  distant  Some  are  simple  tubes,  and  apparently  formed  of 
a  single  elongated  cell :  others  show  cross  partitions,  or  vestiges  o^ 
them,  and  so  are  made  up  of  a  row  of  cells ;  and  if  these  be  com- 
pared with  Fig.  39  -  43,  &c.,  it  will  plainly  appear  that  ducts  of  all 
sorts  are  only  a  modification  of  ordinary  cells.  Even  the  longest 
ai*e  of  no  great  length ;  very  rarely  are  they  above  half  an  inch 
long ;  and  they  terminate  by  closed  ends,  like  all  other  cells ;  the 
termination  being  either  abrupt  or  more  commonly  conical  or  ob- 
tusely pointed.  In  young  parts  the  ducts,  like  other  cells,  contain 
liquid,  the  ordinary  juices  of  the  plant:  in  older  stems  they  are 
filled  with  air,  except  when  the  whole  tissue  is  gorged  with  sap, 
which  then  finds  its  way  into  these  al?a 

62.  Interlaced  Fibrilliform  Tissue.    This  is  quite  as  distinct  from 

ordinary  cellular  tissue,  and  as  worthy  of  a  special  name,  as  any  of 
the  kinds  already  described.  It  is  the  more  worthy  of  notice, 
from  its  near  resemblance  to  some  forms  of  animal  tissue.  It 
consists  of  very  long,  much  attenuated,  simple  or  branching,  fibre- 
like cells,  or  strings  of  cells,  inextricably  entangled  or  intenn'oven 
without  order,  so  as  to  make  up  a  loose,  fibrous  tissue.  It  is  prin- 
cipally met  with  in  Fungi,  Moulds,  &c.,  where  the  cells  are  ex- 
tremely sofl  and  destructible ;  and  in  Lichens  (Fig.  25),  where  it  is 
dry  and  much  firmer.  A  remaining  and  a  very  ambiguous  element 
of  vegetable  fabric  is 
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63.  Utldfemil  TiimB.  ( VuMtU  of  the  LaUx  or  MiBj/  Juice. 
Oinenehj/ma  of  Morren  and  Lindley.)  This  consists  of  long  and 
im^Iar  brandling  tabes  ot  passages,  lying  in  do  definite  position 
wicL  respect  to  other  tissoe,  and  when  young  of  such  extreme  tenu- 
ity (tbeii'  average  diameter  bang  lees  than  the  fourteen-hundredth 
of  an  inch)  and  of  such  trans- 
parency that'  tbey  are  hardly 
vidible,  even  under  poweriul  mi- 
croscopes, except  by  particular 
iBflDipuladon.  But  their  older 
trunks  are  lai^r  and  more  evi- 
dent, when  gorged  with  the  milky 
or  other  special  juices  which  it  is 
their  office  to  contain,  and  when 
their  sides  are  thickened  by 
the  deposition  of  such  matters.  ** 

Another  peculiarity  is,  that  they  otuuComom  or  itiotculate,  forming 
a  sort  of  network  by  tbe  union  of  their  branches,  so  that  they  freely 
communicate  with  each  other.  In  this  respect,  as  well  probably  as 
in  the  mode  of  their  formation,  they  resemble  the  veins  of  animals. 
But  their  branches  do  not  proceed  frtxn  lai^er  trunks,  and  in  turn 
divide  into  smaller  branchlets.  They  merely  fork  and  inosculate 
here  and  there,  the  branches  being  commonly  ea  large  as  the  trunk 
before  division.  The  articulations  which  they  often  present  (as  in 
the  upper  part  of  Fig.  67)  would  seem  to  prove  that  they  are  formed 
by  the  coidlaence  of  cylindrical  cells.  It  is  altogether  most  probable, 
however,  that  they  are  not  composed  of  cells  at  all ;  but  are,  at  first, 
mere  passages  in  the  intercellular  spaces,  which  in  time  are  bounded 
by  walls  Ibrmed  by  deposition  from  the  contained  fiuid.  Schults, 
who  discovered  these  peculiar  vessels  and  gave  to  them  their  present 
name,  describes  a  r^ular  circulation  of  the  juice  they  cwitain ; 
which  wouM  make  them  still  m<H%  analogous  to  the  vessels  or  veina 
of  animals.  But  this  has  been  shown  to  have  no  real  existence. 
There  is  merely  a  mechanical  flow  than  any  part  under  pressure,  or 
towards  a  place  from  which  the  latex  is  escaping,  as  from  a  wound* 
LaticiferouB  vessels  occur  in  the  bark,  especially  in  the  liber,  in  the 
leafstalks,  and  in  the  leaves,  especially  of  those  plants  which  have 
a  milky  juice. 

no.  M.    VhkIi  of  lfa«  latex,  nmiriliig  imong  nllolar  titnw,  in  tli«  DudeDon ;  ud  6T, 
■UvudJufHTMHlibanUiaiHuplut;  ^  hitfilr  BUisuiB«L  ^ 
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64.  AU  the  dilTerent  kinds  of  tissue  that  enter  into  the  composi- 
tion of  the  phint  have  now  heen  described,  and  all  (excepting  the 
doubtful  latex-vessels)  referred  to  the  cell  as  their  original.  Every 
plant,  or  each  organ,  consists  at  first  of  one  or  more  cells  of  proper 
cellular  tissue.  In  many  of  the  simpler  vegetables,  the  cells  multi- 
ply in  this  primitive  form  solely ;  and  the  fully  developed  plant  con- 
sists of  parenchyma  alone.  But  in  all  plants  of  the  higher  grades, 
some  of  them  early  assume  the  forms  of  wood-K;ells  and  of  ducts. 
These  modified  cells  always  lie  vertically  in,  or  conspire  to  form, 
bundles  or  cords  that  run  lengthwise  through,  the  stem  or  other 
organ  they  occur  in.  They  are  associated  with  each  other,  and 
together  make  up  the  woody  parts,  as  in  the  wood  proper,  in  the 
liber  or  inner  bark,  and  in  the  fibrous  framework  of  the  leaves. 
Although  the  various  kinds  exhibit  transitions  through  every  man- 
ner of  intermediate  forms,  the  whole,  taken  together,  compose  tissues 
which  are  almost  always  manifestly  different  from  the  parenchyma 
in  which  they  are  imbedded.  It  is  convenient,  therefore,  to  give 
them  a  general  name,  and  to  denominate  them,  from  their  position, 
the  Vertical  or  Longitudinal  System^  or,  from  their  nature,  the 
Fihro'vasctdar  or  Woody  System ;  in  contradistinction  to  the  Hcri^ 
zontal  or  common  Cellular  System  of  the  plant,  consisting  of  paren- 
chyma alone. 

65.  Intereellnlar  System.  The  only  exception  to  the  statement 
that  all  the  vegetable  tissues  are  formed  of  cells,  is  that  of  the 
EO-called  vessels  of  the  latex,  which,  according  to  the  view  now  best 
supported,  are  a  secondary  formation,  resulting  from  the  transuda- 
tion of  peculiar  assimilated  matters  into  the  interspaces  between  the 
cells ;  and  are  therefore  rather  to  be  classed  with  other  receptacles, 
canals,  or  intervals  that  are  found  among  or  between  the  cells. 
Some  of  these  are  accidental,  or  at  least  are  irregular  and  indefi- 
nite: such  are  the  Intercellular  Spaces  or  Passages,  left 
when  the  cells  are  not  in  contact  throughout.  Of  the  same  char- 
acter are  the  larger  and  irregular  spaces  in  the  lower  stratum  of 
the  tissue  of  most  leaves  (Fig.  7  and  Fig.  221),  and  which  form 
irregular  winding  passages  through  which  the  air,  admitted  through 
the  stomates  (70),  freely  circulates. 

66.  ii^PafiSages,  however,  are  not  always  so  irregular.  The  stalks, 
and  often  the  foliage  also,  of  aquatic  and  marsh  plants  generally 
abound  with  regular  air-channels,  of  much  greater  diameter  than 
the  cells  of  the  tissue.     These  air-passages  are  symmetrically  ar- 
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ranged,  and  are  as  elaborately  wmstrncled  as  anj  proper  organ  can 
be.  They  are  bnilt  up  of  cells  in  a  manner  irliich  may  be  compared 
to  a  stack  of  flues  or  chimneys  built  of  briek ;  they  are  constracted 
upon  a  uniftnnn  plan  in  each  species,  and  are  evidently  essential 
parts ;  plants  which  grow  in  water  requiring  a  ftill  supply  of  air 
in  their  interior.  Fig.  68  shows  some  of  these  air-passages  in  the 
fiower«taIk  of  Calla  ^thiopica. 


67.  RntptadM  of  Special  StCRlioni.  These  arise  from  the  exuda- 
tion of  the  proper  juices  of  the  cells  into  intercellular  passages, 
which  are  distended  by  the  accumulation ;  or  Irom  the  obhteration 
of  contiguous  cells,  so  as  to  form  cavities  of  considerable  size.  Such 
are  the  turpentine-canals  of  the  Pines,  &e. ;  the  oil-cells  of  the 
fruit  of  the  UmbeUifertB,  and  those  in  the  rind  of  the  orange  and 
lemon ;  the  latex-canals  in  Sumach,  &c.  Internal  Glandi,  such  as 
those  which  form  the  translucent  dots  in  the  leaves  of  the  Orange 
and  Myrtle,  are  Uttle  clusters  of  cells,  filled  with  essential  oiL 

68.  Epidermal  System.  In  most  plants,  except  of  the  lowest  grades, 
and  those  which  grow  under  water,  the  superficial  layer  of  cells  is 
different  from  the  rest,  and  forms 

69.  The  Epidermis,  or  skin  of  the  plant  This  consists  of  one  or 
more  layers  of  empty  thick-walled  cells,  cohering  so  as  to  form  a 
firm  and  close  membrane,  which  may  be  detached  from  the  subjacent 
tissue.  It  covers  all  parts  of  the  plant  which  are  directly  exposed  to 
the  air,  except  the  stigma.  Its  struelure  and  office  wiU  be  described 
in  the  diapter  on  the  Leaves.  The  epidermis  forms  a  complete 
and  continuous  covering,  except  that  in  certain  parts,  especially  on 
the  lower  surface  of  the  leaves,  it  is  perforated  by  a  multitude  of 
small  openings,  called 
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70.  Stanatel  (Seamata)  or  BieatUng-Pom*  These  bare  a  peculiar 
structure,  the  opening  being  guarded  usually  bj  a  pair  of  thin-walled 
cells,  so  arranged  as  to  close  or  open  according  to  circumstances. 
Thej  will  also  be  illustrated  in  the  chapter  on  the  Leaves,  to  which 
they  more  particularly  belong. 

71.  Bain  are  external  prolongations  of  cells  of  the  epidermis,  con* 
sisting  either  of  single  elongated  cells,  or  of  several  celb  phioed  end 
to  end,  or  of  various  combinations  of  such  cells.  They  are  simple 
or  branched,  single  or  clustered  (stellate,  &c.),  and  exhibit  the 
greatest  variety  of  forms.  In  what  are  called  Glandular  SairSj  or 
Stalked  Glands,  the  upper  cell  or  cluster  of  celb  has  a  peculiar 
structure,  and  elaborates  peculiar  (usually  odorous)  products,  such 
as  the  fragrant  volatile  oil  of  the  Sweetbrier. 

72.  Gilinds*  This  name  is  applied  to  any  secreting  apparatus,  and 
especially  to  superficial  appendages,  of  the  epidermis  which  elaborate 
odorous  or  other  products. 

78.  StioP)  or  Stinging  Hairs,  such  as  those  of  the  Nettle,  gener- 
ally consist  of  a  rigid  and  pointed  cell,  borne  on  an  expanded  base, 
or  gland,  which  secretes  an  irritating  fiuid. 

74.  Bristlei  {Set<B)  are  rigid,  thick-walled  hairs,  usually  of  a  single 
celL  But  the  name  is  likewise  given  to  any  similar  bodies,  of  what- 
ever nature. 

75.  PrieklCI  are  larger  and  indurated,  sharp-pointed  processes  of  the 
epidermis  or  the  bark  (but  not  of  the  wood)  ;  such  as  those  of  the 
Rose  and  Blackberry. 

76.  Scnif)  or  Lepidoie,  Scale-like  Hairs,  are  flattened,  star-like 
clusters  of  cells,  united  more  or  less  .into  a  sort  of  scale,  which  is 
fixed  by  its  centre  to  the  epidermis.  They  are  well  shown  in  the 
Oleaster,  Shepherdia,  and  most  silvery  leaves  like  theirs.  Our 
species  of  Yesicaria  exhibit  beautiful  gradations,  between  these  and 
star-shaped  (stellate)  hairs. 


Sect.  IV.    Op  the  Contents  op  Cells. 

77.  These  comprise  all  the  products  of  plants,  and  also  the 
materials  plants  take  in  from  which  these  products  are  elaborated. 
To  treat  of  them  fully  would  anticipate  the  topics  which  belong  to 
the  chapter  on  Nutrition.  Some  of  the  contents  of  cells,  however, 
have  ulready  been  mentioned,  in  the  account  of  their  production  and 
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growth  (27  -  40) :  others  require  a  brief  notice  here,  especiallj  two 
sdid  products  which  are  of  nearly  universal  occurrence  and  of 
great  importance  in  the  vegetable  ecoiKmij,  namdly,  ChhrophyU  and 
Starch. 

78.  The  same  cells  contain  liquids,  solids,  and  air,  at  different 
ages.  Growing  and  vitally  active  cells  are  filled  with  liquid  (at 
least  while  vital  operations  are  carried  on),  namely,  with  water 
charged  more  or  less  with  nutritive  assimilated  matters,  the  pre- 
pared materials  of  growth  (11,  27).  Any  air  thej  maj  contain  at 
this  period  is,  for  the  most  part,  held  in  solution.  Completed  cells 
maj  still  be  filled  with  liquid,  or  with  air,  or  with  solid  matter  only. 
The  liquid  contents  of  the  vegetable  tissues,  of  whatever  nature  or 
complexity,  are  generallj  spoken  of  under  the  common  and  some- 
what vague  name  of 

79.  Sap,  In  employing  this  name  we  must  distinguish,  first, 
Chxjde  Sap  ;  the  liquid  which  is  imbibed  by  the  roots  and  carried 
iq>ward8  through  the  stem.  This  is  water,  impregnated  with  certain 
gaseous  matters  derived  Iran  the  air,  and  with  a  minute  portion  of 
earthy  matter  dissolved  from  the  soiL  It  is  therefore  inorganic  (12). 
But,  as  it  enters  the  roots  and  traverses  the  cells  in  its  ascent,  it 
mingles  with  the  Mquid  ot  soluble  assimilated  matters  which  these 
contain,  so  that  unmixed  crude  sap  is  never  met  with  in  the  plant 
On  reaching  the  leaves,  a  part  of  the  inorganic  materials  of  the 
ascending  sap  are  transfonned,  imder  the  influence  of  light,  into 
(M^anizable  or  assimilated  matter ;  and  the  liquid,  thus  charged  with 
the  prepared  materials  of  growth,  is  now  Elaborated  Sap.  The 
nutritive  matter  of  the  elaborated  sap  is  of  two  general  kinds: 
1.  The  t&mary^  w;hich  consists  of  only  the  three  elements,  carbon, 
hydrogen,  and  oxygen;  and  2.  The  quaternary y  which  consists  of 
four  elements,  viz.  of  nitrogen  in  addition  to  those  just  mentioned. 
Sugar  and  dextrine,  or  dissolved  starch,  are  r^resentatives  of  the 
first  class ;  and  these  have  nearly  the  same  chemical  composition  as 
cdhilose  or  ceM-membrane.  Protopiasm  or  protetne  represents  the 
seccMid  class  (27). 

80.  Sogar  (of  which  there  are  two  distinct  kinds,  Cane  and  Grape 
Sugar)  is  the  most-M^uble  form  of  temary  organizable  msatter. 
Though  sometimes  crystallized  as  an  excretion  in  the  nectaries  of 
fiowers;  yet  in  the  plant  it  exists  only  in  solution.  It  abounds  in 
growing  parts,  in  many  stems  just  before  flowering,  as  those  of  the 
Sugar-cane,  Maize,  IVIaple,  &c.,  in  pulpy  fruits,  and  in  seeds  when 

5* 
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tbej  germinate ;  and  is  the  appropriate  prepared  material  for  the 
plant's  nourishment  and  growth.  Dextrin*  ia  a  substance  inter- 
mediate in  nature  between  sugar  and  starch. 

81.  Stinh  {Farina,  Feeuld)  is  one  of  the  most  important  and 
universal  of  the  contenU  of  cells,  in  which  it  b  often  accumulated 
in  great  quantity,  bo  as  to  fill  them  cranpletely  (Fig.  70)  ;  as  in 
farinaceous  roots, 
seeds,  &c.    It  oc- 

/I'^rS^l   f'i^fM  *^""   in   the   pa- 

fJij^lam^  renchyma    of  al- 

most   every    part 
of  the  plant,  ei- 
*  "  cepting    the    epi- 

dermis :  but  while  chlorophyll  is  nearly  restricted  to  the  superficial 
parts,  directly  exposed  to  the  light,  starch  ia  most  abundant  in  inter- 
nal or  subterranean  parts,  concealed  from  the  light,  as  in  roots  and 
tubers,  the  pith  of  stems,  and  seeds.  Starch  consists  of  transparent 
oval  or  rounded  grains,  sometimes  becoming  angular  by  mutual 
pressure,  as  in  rice.  The  size  of  tiie  grains  varies  extremely  in 
diSerent  plants,  and  even  in  the  same  cell ;  as  in  the  potato,  where 
the  larger  grains  measure  frran  -^js-g  to  -^^  of  an  inch  in  their  larger 
diameter,  but  the  smallest  only  ^i^iv  o'*  »>  inch.  In  wheat-flour  the 
larger  grains  are  -^^  to  -^g-  oS  an  inch  in  diameter.  And  the 
largest  starch-grains  known  are  -g^  <d  an  inch  long.  Indeed,  from 
their  formation,  we  might  expect  that  their  bulk  would  vary  con- 
siderably. The  mode  of  their  formation  is  indicated  by  the  peculiar 
markings,  by  which  most  starch-grmm  may  be  reo^nized ;  namely, 
by  the  dot  or  darker  point  which  is  seen  commonly  near  one  end  of 
the  grain,  and  the  fine  concentric  lines  drawn  around  it.  These  are 
best  seen  in  starch  from  the  potato,  one  of  the  most  diaracteristic 
forms  and  easiest  to  be  examined,  under  a  magnifying  power  of 
from  250  to  500  diameters  (Fig.  69).  The  chemical  composition 
of  starch  is  exactly  the  same  as  that  of  cellulose  (27) ;  and  the 
grains  are  solid  throughout,  but  their  interifM"  usually  soiler  or  mwe 
gelatinous.  The  lines  evidently  show  that  starch-grains  consist  of 
concentric  layers,  of  different  density,  successively  deposited  on  an 

TIQ,  Qd.    Two  fiolll  of  »  poutD,  vlUi  taam  ooat^ntd  itanh-fnlu,  hlghlj  ^nmgrAKmA  ^  tiot 
FIO   70.    A  mhinla  potUou  cf  Indku  mid,  rtmglT  mlcnUksiI ;  lb*  «Ui  (bwlDtalj  BIM 
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original  nucleus.  The  layers  are  oominonlj  much  thicker  on  one 
side  than  the  other,  so  that  the  dot  or  nucleus,  which  all  the  lines 
surround,  becomes  very  eccentric  Starch-grains  lie  loose  in  the 
cell  where  they  are  formed,  and  are  usually  separate  and  simple. 
But  occasionally  two  or  more  small  grains  are  combined  by  new 
layers  into  one,  and  in  some  plants  they  are  regularly  united  into  a 
cluster  or  compound  grain,  as  in  West^India  Arrowroot,  the  corms 
of  Colchicum  and  Arum,  and  the  rootstocks  of  the  Water-Lily 
(Nymphsea)  and  Water-Shield  (Brasenia).  In  the  bitter  the  grains 
are  oblong  or  club-shaped,  and  remarkably  large.  Starch-grains  are 
nearly  uniform  in  the  same  plant  or  organ,  and  of  very  different 
appearance  in  different  plants:  so  that  the  smallest  quantity  oi 
starch  from  the  potato,  wheat,  rice,  maize,  arrow-root,  &c.,  may  at 
once  be  distinguished  under  the  microscope.  In  this  way  adultera^ 
tions  of  arrow-root,  &c.  may  be  detected.  The  outer  layers  of 
large  and  well^developed*  starch-grains  (such  as  those  of  the  potato) 
are  denser  than  the  inner :  consequently,  each  grain  is  marked  by  a 
dark  cross  when  viewed  by  polarized  light  Starch  is  unaffected 
by  cold  water ;  but  hot  water  is  absorbed  by  it ;  the  inner  part  of 
the  grain  softens  first  and  swells,  inflating  the  denser  superficial 
portion  into  a  large  sac,  which  may  at  length  burst  or  be  dissolved. 
It  thus  forms  a  jelly  with  boiling  water,  but  is  not  really  soluble  in 
it.  When  truly  dissolved,  it  is  no  longer  starch,  but,  by  a  slight 
change  in  its  character,  it  is  changed  into  dextrine  (80).  The 
chemical  test  of  starch  is  iodine,  which  turns  it  blue. 

82.  Starch  is  the  form  in  which  nourishing  matter  is  stored  up  in 
the  plant  for  future  use ;  in  which  respect  it  may  be  likened  to  the 
fat  of  animals.  It  is  the  ready-prepared  material  of  vegetable  fabric, 
—  the  same  as  cellulose  in  a  particular  and  more  soluble  form, — 
accumulated  in  the  cells  of  certain  parts  as  a  provision  for  future 
growth.  When  about  to  be  used,  the  grains  are  dissolved  in  the 
plant  at  the  natural  temperature ;  that  is,  the  starch  is  converted  into 
dextrine,  which  differs  chiefly  in  being  soluble  in  cold  water,  and  this 
changes  into  sugar,  which  is  still  more  soluble ;  and  thus  a  sirup  is 
formed,  which  the  sap  dilutes  and  conveys  to  the  adjacent  parts,  or 
to  wherever  growth  is  going  on. 

83.  Amyloid  (of  which  JSassorin^  Salep,  and  Pectine  are  apparently 
modifications),  which  in  solution  is  Vegetable  JeUy^  is  intermediate  in 
character  between  starch,  dextrine,  and  cellulose,  and  has  nearly  the 
properties  of  starch,  when  this  has  been  altered  by  hot  water.     It 
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abounds  in  the  almond,  bean,  and  Fome  other  esculent  seeds,  in  the 
tubers  of  Orchises  (as  Salep,  &e.),  and  forms  the  principal  substance 
of  many  sea-weeds,  such  as  the  Carragheen  Moss  (Chondrus  crispus), 
from  which  jelly  is  obtained  for  culinary  purposes.  When  dry,  it  is 
homy  or  cartilaginous,  and  lines  the  eelb;  when  moist,  it  swells 
up,  becomes  gelatinous,  and  is  capable  of  being  perfectly  diffused 
through  cold  water.  We  have  it  as  an  excretion  in  Gum  Traga- 
canth.  True  gums,  such  as  Gum  Arabic,  are  states  of  nearly  the 
same  substance,  and  are  likewise  formed  only  as  excretions. 

84.  Fixed  Oils  belong  to  the  class  of  ternary  products,  but  they 
contain  little  oxygen,  and  some  of  them  none  at  alL  The  fatty  oils 
take  the  place  of  starch  in  the  seeds  of  many  plants  (as  in  flax-seed, 
walnuts,  &c.),  and  of  sugar  in  some  fruits,  such  as  the  oUve.  They 
also  occur  in  the  herbage  of  most  plants. 

85.  Wax  is  a  product  of  nearly  the  same  nature  as  the  fixed  oils, 
only  it  is  solid  at  the  ordinary  temperature.  It  occurs  as  aii  excre- 
tion, particularly  on  the  surface  of  leaves  and  fruits,  forming  the 
bloom  or  glaiusous  surface  which  repels  water,  and  so  prevents  such 
surfaces  from  bemg  wetted.  It  forms  a  thick  coating  on  some  fruits, 
as  the  bayberry.  Wax  also  exists  in  all  herbage,  being  one  of  the 
components  of  the  green  matter  of  plants  (92). 

86.  Vegetable  ieidSt  Tartaric^  Oitric^  and  MijiHc  Acids  are  the 
principal  kinds ;  they  are  found  in  the  herbage  of  those  plants  whidi 
have  a  sour  juice,  such  as  Sorrel  and  the  Grape-Vin&  They  are 
ternary  products,  with  a  lai^r*  proportion  of  oxygen '  than  starchy 
sugar,  and  the  like.  They  do  not  appear  to  play  any  leading  part 
in  vegetation.  They  seldcxn  exist  in  a  finee  state,  but  are  combined 
with  the  alkaloids,  and  with  the  inorganic  or  earthy  alkalies  (Potash, 
Soda,  Lime,  and  Magnesia),  which  are  introduced  into  plants  from 
the  soil  with  the  water  imbibed  by  the  roots.  The  more  soluble 
salts  thus  produced  are  found  dissolved  in  the  sap ;  the  more  insolu- 
ble are  frequently  deposited  in  the  cells,  either  as  an  incrustation  of 
their  walls,  or  in  the  form  of  minute  crystals.  When  these  crystals 
contain  a.  vegetable  acid,  it  is  almost  always  Oxalic  Acid,  This  is 
an  almost  universal  vegetable  product,  and  is  a  binary  body  (that  is, 
consists  of  two  elements  only,  carbon  and  oxygen),  differing  from 
carbonic  acid  in  ultimate  composition  only  in  having  a  little  more 
oxygen.  Hydrocyanic  or  Prassic  Add  is  one  of  the  special  pro- 
ducts peculiar  to  certain  plants,  and  of  very  different  composition, 
containing  a  large  portion  of  nitrogen. 
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87.  Tamiil.  or  Tmie  AeUt,  which  most  aboands  in  older  hark,  is 
profanbly  a  product  of  the  oxidation  or  commencing  decomposition 
of  the  tissues.  So,  also,  .fiumtM,  Humie  Addy  Ulmine^  Uhme  Acidy 
and  the  numeroua  related  Bubstanoes  distinguished  by  the  chemists, 
are  products  of  further  deconqwadon  of  regetable  tissue,  rather 
than  true  {Nrodncts  of  vegetation* 

88.  Eiiftitial  OiIi»  Tvpentinet  CioatehoiiCf  &e«    These  are  some  of 

the  Proper  Juices  a£  plants^  peculiar  to  certain  plants,  and  occurring 
under  a  great  variety  of  forms  in  different  species.  It  is  not  known 
that  ihej  are  of  .an j  account  in  vegetaMe  growth  or  nutrition.  They 
undergo  changes  on  exposure  to  the  air,  and  become  resins,  gums, 
^pc  Thej  are  apt  to  be  accumulated  in  interoeilular  cavities,  or  to 
be.  excreted  from  the  surfiice  of  the  plant.  Not  knowing  of  what 
use  they  are  to  the  vegetable,  we  are  mdined  to  regard  them  as  of 
the  nature  of  taccreHons,  Oaauiehauc  exists  in  the  form  of  minute 
globules,  diffused  as  fm  emulsion  in  the  milky  juice  of  plants,  of 
various  families.  The  original  iMUa^RuJbher  of  the  East  Indies  is 
the  milky  juice  of  a  species  of  Fig.  That  of  South  America^  now 
so  largely  used  for  a  great  variety  of  purposes,  comes  from  c^tain 
trees  of  the  Euphorbia  family.  It  equally  occurs  in  the  juice  of  our 
Milkweeds  or  Silkweeds.  Outta-'JPisrcka  is  a  similar  product  of  the 
milky  juice  of  a  Sapotaceoos  tree  of  Bomea 

89.  The  quaiemanf  class  of  products  (viz^  those  which  consist  of 
the  four  elements,  carbon,  hydrogen,  oxygen,  and  nitrogen,  79)  are 
of  two  kinds,  the  special  and  the  generaL  The  former  are  peculiar 
to  certain  plants ;  the  latter  are  universal  products  of  vegetation. 
Examples  of  tho  q>ecial  kind  are  found  in  Ifydrocyanic  or  Prussic 
Acidj  already  m^itioned  (86),  and  the 

-  90.  AlktloidS)  such  as  MorphinBj  Strychnine^  and  Quinine.  These 
are  principally  formed  in  the  bark  and  the  leaves.  We  do  not  know 
that  they  bear  any  part  in  vegetation,  nor  of  what  use  they  are  to 
the  {dant.  In  these  .substances  reside  the  most  energetic  properties 
of  the  vegetable^  considered  as  to  its  action  on  the  animal  economy, 
the  most  powerfol  medicines,  and  the  most  virulent  poisons.  That 
they  are  of  the  nature  of  excretions  may  be  inferred  from  the  fact, 
that  a  plant  may  be  poisoned  by  ks  own  products,  introduced  into  its 
asbending  sap. 

.91.  The  principal  general  quaternary  product  of  plants  is  Pro- 
ieine^  the  nature  and  uses  of  which  have  already  been'  explained 
(27,  79).     As  it  exists  in  living  cells  in  a  liquid  or  gelatinous 
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etate,  it  receives  the  name  of  protoplasm*  Besides  lining  the  walls 
of  liring  cells  and  forming  the  nucleus,  it  is  also  a  component  ai  one 
of  the  most  important  vegetable  products,  viz. 

92.  CUorophyllf  or,  as  the  name  denotes,  Leafyreen,  the  substance 
which  gives  the  universal  green  color  to  the  leaves  and  herbage. 
Th«  18  fonned  prindpaUy  in  parts  exposed  to  the  Ught,  such  as  the 
green  bark,  and  especially  the  leaves.  It  generally  occurs  in  the 
form  of  minute  soft  granules,  either  separate  or  in  clusters,  which 
lie  free  in  the  cells  (Fig.  71),  or  adhere  loosely  to  their  sides.  In 
some  common  Confervas  the  chlorophyll  takes  the  form  of  rows  of 
granules,  or  of  continuous  bands,  often  spiral  in  form.  The  exact 
composition  of  chlorophyU  is  stiU  unknown.  The  green  coloring 
matter  makes  only  a  small  part  of  the  bulk  of  the  grains.  It  may 
be  dissolved  out  by  alcohol  or  ether,  leaving  a  colorless  mass,  which, 
as  it  is  turned  yellow  by  iodine,  evidently  contains  nitrogen.  The 
green  matter  is  found  to  consist  partly  of  wax,  and  partly  of  a  pecu- 
liar quaternary  substance  allied  to  indigo. 

93.  Eartiiy  Inernstations.  As  the  roots  naturally  take  in  some 
earthy  matters,  dissolved  in  the  water  they  absorb  from  the  soil, 
these  necessarily  accumulate  in  the  cells  of  the  plant.  The  siliceous 
and  calcareous  matters,  being  very  sparingly  soluble,  are  usually 
deposited  on  the  walls  of  the  cells  as  an  incrusting  lining,  or  else 
are  incorporated  into  its  substance  along  with  the  organic  thickening 
deposit  (41).  This  earthy  part  of  vegetable  fabric  may  be  brought 
to  view  by  carefully  burning  a  piece  of  a  leaf  or  any  other  organ,  — 
which  decomposes  and  drives  off  all  the  vegetable  matter, — and  then 
examining  the  ashes  by  the  microscope.  These  are  mineral  matter, 
and  when  undisturbed  they  will  be  found  to  have  copied  the  shape 
and  all  the  minute  markings  of  the  ceUs,  like  casts.  In  the  Diato- 
maceae, — a  family  of  microscopic  and  ambiguous  plants  of  the  sim- 
plest structure,  —  a  great  part  of  the  thickness  of  the  cell-wall  is 
silex,  and  consequently  indestructible  by  decay.  So  that  the  forms 
of  these  minute  organisms  are  preserved  indefinitely,  after  the  de- 
composition of  the  organic  structure ;  their  silicious  remains  accu- 
mulating at  the  bottom  of  the  water  in  which  they  lived,  to  such 
extent  as  to  produce  immense  strata  in  many  places,  their  forms  and 
markings  so  perfectly  preserved  for  ages  that  the  species  may  be 
nearly  as  well  characterized  from  these  casts  as  from  living  indi- 
viduals. Earthy  matters  also  occ^ir  in  the  cells  of  plants  in  the 
form  of  microscopic 
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94.  CiTSlall,  H  I^Mm  (Pig.  71-78).  These  exist  in  more  or 
less  abimdaBce  in  almoet  every  plant,  espeeially  in  Ibe  cells  of  the 
bark  and  leaves,  as  well  as  in  the  wood  and  pilh  of  herbaceous 
plants.  In  an  old  stem  of  the  OM-inan  Cactus  (Cerens  senilis),  the 
enormous  qiiantit3r  of  eighty  per  cent  of  the  s(^d  matter  left  after 
the  water  was  driven  off  was  fbnnd  to  cMisist  of  these  CTystals.  In 
the  thin  inner  lajeis  of  the  b«i^  of  the  Locnst,  each  celt  contains  a 
single  ciystal,  as  ia  shown  in  Fig.  75.  Professor  Bailey,  who  has  de- 
voted particular  attention  to  this  sulgect,  computed  (hat,  in  a  square 
inch  of  a  piece  of  Locust-bnrk,  no  thicker  than  ordinary  writing-paper, 
there  are  more  than  a  million  and  a  half  of  these  crystals.  There 
is  frequently  a  group  of  separate  crystals  in  the  same  cell,  or  a  con- 
glomerale  cluster,  as  in  Fig.  76.  The  most  cmnmon  form  is  that 
of  a  long  and  narrow  four-sided  prism,  so  slender  that  it  resembles 
a  needle  (Fig.  71-73).  Such  crystals  were  accordingly  called 
Sapkidet,  i.  e>  needl&«liaped  bodies,  —  a  name  which  has  been  ex- 
tended to  include  all  crystals  in  plants,  of  whatever  shape.  When 
the  crystals  are  needle-shaped,  they  usually  occur  in  large  numbers 
in  each  crystal-bearing  cell,  packed  together  in  a  bundle.     Hess 
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may  be  readily  found  in  the  stalks  of  the  Rhtibarb,  the  Foar-o'dock, 
the  Arum  or  Indian  Tui*nipy  and  the  Calla*  In  the  latter  plant>,  a 
crystal-bearing  cell  in  the  leaf  may  oiUn  be  detached  entire  from 
the  surrounding  tissue :  when  moistened,  it  absorbs  water  by  endos- 
mosis,  becomes  distended,  and  may  sometimes  be  seen  to  eject  its 
crystals  one  by  one,  in  a  curious  manner,  through  a  minute  perfora* 
tion  at  one  or  both  ends  (Fig.  73).  As  to  their  composition,  these 
crystals  more  commonly  ccmaist  of  oxalate  of  lime ;  but  those  of  car- 
bonate, sulphate,  or  phosphate  of  lime  are  not  unfrequent. 

95.  CyitoliUieft  are  a  pe<Hiliar  structure  composed  of  ery^alline 
mineral  and  of  vegetable  matter  combined,  of  common  occurrence  in 
the  leaves  of  the  Fig,  Hop,  Mulberry,  and  all  the  Nettle  family^ 
just  beneath  .  the  epidermis.  Th^y  are  globular  or  club-shaped 
bodies,  or  of  various  other  forms,  usually  hanging  by  a  short  stalk 
in  an  enlarged  cell:  their  principal  mass  is  found  to  be  cellulose; 
but  their  surface  is  studded  with  crystalline  pdnts  of  carbonate  of 
lime. 


CHAPTER     II. 

OP  THE  GENERAL  DEVELOPMENT  AND  MORPHOLOGY  OP  PLANTS. 

96.  Haying  ascertained  what  vegetable  fabric  consists  of,  we  are 
prepared  to  consider  how  these  organic  materials,  the  cells,  are  com- 
bined to  constitute  a  vegetable,  what  the  parts  or  organs  of  plants 
are,  how  they  are  related  to  each  other,  and  how  they  live,  grow, 
and  perform  the  work  of  vegetation.  Viewing  plants  as  individual 
beings,  we  may  now  proceed  to  study  their  Organography  or  Mor» 
phohgy  (3). 

97.  Plants  occur  under  the  greatest  diversity  of  forms.  Some 
kinds  are  of  the  utmost  simplicity ;  and  many  of  these  are  so  minute, 
that  separately  they  are  invisible  to  the  naked  eye,  and  become 
apparent  only  by  their  aggregation  in  vast  numbers.  Others,  are 
highly  complex  in  structure,  and  may  attain  a  great  size,  such  as 
gigantic  trees,  some  of  which  have  flourished  for  a  thousand  years 
or  more.  But  each  plant  or  tree,  however  vast  or  complex  it  mHy 
{>ecome,  commenced  its  existence  as  a  single  vegetable  cell,  by  the 
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maltipliefttkm  of  which  the  whole  fabric  was  built  up.  AU  our  or- 
.dinaij  herbs  and  trees,  however,  even  while  in  the  seed,  have  already 
passed  beyond  this  stage,  and  consist  at  this  tkne  of  a  mass  of  oelb, 
more  or  less  distinctly  wrought  into  the  form  of  a  plantlet ;  while 
the  germs  of  plants  of  a  lower  grade,  at  the  time  of  their  separation 
from  the  parent  plapt,  are  each  no  mcNreithan  a  single  celL  Cells  of 
this  kind,  destined  to  give  rise  to  new  individuals  (i.  e.  for  reproduc- 
tion), are.  called  Spobes.  Th^  name  ap<n'e  is  from  a  Greek  word, 
meaning  the  same  as  seed. 

98.  Plants  may  be  distinguished,  therefore,  into  two  great  Seriu 
or  GrpdeSf  a  lower  and  a  higher; — the  lower  or  simpler  grade  con- 
sisting  of  those  plants  which  directly  spring  from  single  cells  or 
spores ;  the  higher  grade,  of  those  which  spring  from  seeds* 


SfiCT.  L     Plants  of  the  Loweb  Gbajnb;  their  Deyelop- 

>KNT  FBOM  THE    CeLL^ 

d9.  This  grade  includes  the  sin^lest  iMid  minntest  i^ants,  and 
also  many  which  attain  a  gr^at  size,  and  exhibit  no  small  complexity 
of  structure,  such  as  Tree  Ferns  (Fig.  100),  for  instance*  The 
very  lowest  kinds  not  only  begin  their  existence  as  single  cells,  but 
continue  so  thrpu^iout  their  whole  growth.  The*  most  simple  possi* 
ble  form  of  vegetation  therefore  ccmsists  of 

100,  Plants  of  a  Siagle  Cell.  In  these  minims  of  the  vegetable 
world,  the  plant  is  reduced  to  its  lowest  terms:  the  j^cmt  and  the 
cell  are  here  identical.  The  cell  constitutes  an  entire  vegetable  vnth" 
out  orgamy  imbibing  its  food  by  endosmosis  (40)  through  its  widls, 
assimilating  ttus  food  in  its  interior,  and  converting  the  organizable 
products  at  £rst  into  the  materials  of  its  own  ^lugeqient  or  growth, 
and  finally  into  new  cells,  which  constitute  its  progeny*  Thus  we 
have  an  epitome  (^  all  that  is  essential  in  vegetation,  evetf  on  the 
largest  scale;  namely,  the  imMiHon  of  inorganic  mcUerietis  ;  their 
assimilcUian ;  their  application .  to  the  growth  of  the  inditidual,  or 
nutrition;  and  the.  formation  of  new.  individuals,  or  xtproducticn. 
Every  stream  or  pool  of  water  abounds  with  such  plants,  often  in 
great  vamty.  Simple  as  these  plants  are,  they  are  by  no  means 
restricted  to  one  monotonous  pattern :  perhaps  they  present  as  great 
^veTBitjrof  form  as>do' the  kiiids^  of  ^oniinary'' vegetation,  although 
from  thdr  minuteness  they  are  mostly  invisible  to  the  naked  eye. 
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The  admirable  memoirs  of  Nageli  and  of  Braun  upon  One-celled 
Plants,  and  the  works  of  Ralfs,  Kutzing,  Thwaites,  &c.  upon  the 
Desmidiacese  and  Diatomaoefle,  illustrate  a  great  varietj  of  forms. 
The  simplest  possible  case  is  that  of 

^  81         «  101,  JHants  of  a  Single  Ghbuhr  Cell ; 

that  is,  of  a  cell  which  grows  equally  in 
^^^'^^     ^^^    i^Si^     eyery  direction,  and  therefore  retains  the 

original  form.  The  microscopic  plant 
known  as  giving  rise  to  the  phenomenon 
of  red  snow  furnishes  a  good  illustration 
of  the  kind  (Fig.  79,  80) :  and  so  does  a 
"  *  more  common  species,  Protococcus  cru- 

entus,  which  forms  dull-crimson  patches,  resembling  blood-stains,  on 
the  northern  side  of  damp  rocks  or  old  walls.  Each  sphere  is  a 
single  cell,  which,  quickly  attaining  its  growth,  produces  (probably 
by  division  of  the  contents)  a  number  of  free  cells  in  its  interior. 
These  escape  by  the*-  decay  of  the  walls  of  the  mother-cell,  grow 
speedily  into  similar  cells  or  plants  themselves,  giving  rise  to  another 
generation,  and  perish  in  their  turn.  Fig.  81  represents  another 
and  similar  one-celled  plant ;  and  Fig.  82  and  83  show  its  mode  of 
propagation,  namely,  by  division  of  the  whole  living  contents  into 
two  portions,  and  these  again  into  two,  these  four  globular  masses 
soon  acquiring  a  wall  of  cellulose,  and  becoming  so  many  distinct 
cells  or  plants ;  —  the  whole  process  admirably  illustrating  a  com- 
mon mode  of  cell-multiplication  (36).  Indeed,  another  microscopic 
plant  of  the  kind,  very  common  in  shallow  pools  at  the  beginning  of 
spring,  was  taken  as  the  readiest  example  of  this  multiplication  of 
cells  (Fig.  18  -  22).  This  propagation  causes  the  destruction  of  the 
mother-plant  in  each  generation,  all  its  living  contents  being  em- 
ployed in  the  formation  of  the  progeny,  and  its  effete  wall  obliter- 
ated by  soflening  or  decay,  and  by  the  enlargement  of  the  contained 
cells.  Thus  the  simplest  vegetation  goes  on,  from  generation  to 
generation.  The  softened  remains  of  the  older  cells  often  accimm- 
late  and  form  a  gelatinous  stratum  or  nidus,  in  which  the  succeeding 
generations  are  developed,  and  from  which  they  doubtless  derive  a 

IJIG.  79.  Serexvl  indiridiuU  of  tbe  Bed-Snow  Plant  (Pzotoeoeeas  nivalis)  mignlfled.  80. 
An  indiTidual  highly  magnified,  showing  more  distinctly  the  new  cells  or  spores  formed  with* 
in  It. 

FIO.  81.  An  indiyidnal  of  Gfarooeoeeos  mftufimn,  aAer  Nlgell,  unob  magnlfled.  82  A 
more  advanced  individual,  with  the  contents  fonning  two  new  cells  by  diviskm.  88.  Aadtber, 
with  the  contents  divided  Into  fonr  new  ctSiB*. 
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part  of  their  suAteimnoe,  — just  as  a  tufted  Moss  is  nourished  in  part 
from  the  underlying  bed  of  vegetable  mould  which  is  formed  of  the 
decayed  remains  of  its  earlier  growth.  Other  one-celled  plants 
enlaige  in  one  direction  more  than  in  any  other,  so  beccHuing  oval 
or  oblong,  and  making  a  transition  to  a  somewhat  higher  grade  of 
vegetation,  viz. 

102.  Plants  of  a  Sifigle  ElongctUd  CelL  Such  plants  may  be  con- 
ceived to  bear  the  same  relation  to  the  foregoing,  that  dncts  (57) 
and  wood-cells  (53)  do  to  cells  of  parenchyma  (51).  For  an  ex- 
ample we  may  take  any  species  of  Oscillaria 

(Fig.  84) ;  a  form  of  aquatic  vegetation  of  mi- 
croscopic minuteness,  considered  as  to  the  size 
of  the  individuals ;  but  these  rapidly  multiply 
in  such  inconceivable  numbers,  that,  at  certain 
seasons,  they  sometimes  color  the  surface  of 
whole  lakes  oi  a  green  hue,  as  suddenly  as 
broad  tracts  of  alpine  or  arctic  snow  are  red* 
dened  by  the  Ked-Snow  Plant.  If  the  trans- 
verse, markings  of  s<Hne  OsdUarias  answer  to 
internal  partitions,  then  they  make  a  transition 
between  one-celled  plants  and  those  formed  of 
a  row  of  cells.  —  Since  cells  which  form  part  of 
the  £Eibric  of  vegetables  are  sometimes  branched 
(38),  we  should  naturally  expect  to  find,  as  the 
next  step  in  the  development, 

103.  Plants  of  an  Elongaied  amd  Brcmching  CtHL  Good  ex^ 
amples  of  the  sort  are  furnished  by  the  species  of  Yaucheria,  which 
-form  one  kind  of  the  delicate  and  flossy  green  threads  abounding  in 
fresh  waters,  and  known  in  some  places  by  the  name  of  Brook-silk* 
These,  under  the  magnifying<^lass,  are  seen  to  be  single  cells,  of 
unbroken  calibre^  ftimished  here  and  there  with  branches  (Fig.  89). 
The  branches  are  protrusions,  or  new  growing  points,  which  shoot 
forth  by  a  sort  of  budding,  and  have  the  power  of  contmuous  growth 
from  the  apex.  In  Bryopsis  (Fig.  91),  a  beautiful  small  Sea-Weed, 
the  branches  are  much  more  numerous  and  regularly  arranged; 
their  cavity  is  continuous  with  that  of  the  main  stem,  if  we  may 
80  call  it :  in  other  words,  the  whole  plant,  which  is  by  no  means 
minute,  consists  of  a  single,  repeatedly  many-branched  cell.  And 
in  Codium,  another  genus  of  marine  Algse,  we  have  an  indefinitely 

TIQ.  84.    Two  individiiali  of  OseiUaila  epInJis,  magnUM  j  ono  wUh  ui  e<tmHj  cut  o£ 
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rainifl6d  c^ll,  Sntricately  interiaced  or  compneted,  and  forming  demo 
masses  of  «QUBiderable  size  and  of  defiiiita  ehapee. 


104.  While  in  these  eases  the  nunificatioos  of  d>e  cell  imitate,  of 
as  it  were  f<a«shadow,  the  stem  and  branches  of  higher  organized 
plants,  we  have  in  Botiydium  (Fig.  88)  a  cell  whose  ramificfttwoa 
resemble  and  perform  the  fimcti<xis  of  a  root.  This  con«ste  <^  an 
enlarged  cell,  which  elmgates  and  ramifies  downwards,  the  slender 
branches  penetralJng  the  loose  and  dampsoil  on  which  the  plant  grows, 
exactly  in  the  manner  of  a  Bubdivided  root.  Meanwhile,  a  crop  of 
spores  or  rudimentary  new  cells  is  produced,  by  original  cell-lbmia- 
tion  (29),  in  the  liquid  contents  of  the.  mother-cell  i  these,  escaping 
when;  that  decays  or  bursts,  grow  into  Bimilar  plants,  in  the  manner 
shown  by  Fig.  86, 87.  The  spores  by  which  Vaucheria  is  propagated 
originate  in  a  somewhat  different  way.  When  about  to  fructify,  the  . 
apex  of  a  branch  enlarges,  its  green  amtents  thicken,  separate  &om 
those  below,  condense  into  a  rounded  mass,  which  acquires  a  coat  of 
protoplasm  (Fig.  89,  a) :  the  eao  in  which  it  was  ibnned  soon  bursts 
open,  aad  the  new-born  sporo  escapes  into  ike  water  (Fig.  90).  It 
moves  about  freely  for  some  hours  (678),  when  a  coat  of  cellulose  is 
fprmed  upon  its  surface,  ctsiverting  it  into  a  true,  cell,  which  soon 
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grown  by  elongRtin^  into  a  thread,  one  end  of  which  ftxes  it«elf  to  a 
stone. OF  some  other  solid  body,  while  the  other  growd  iirist  into  a 
eimple  tube,  and  then  sends  off  branches  like  its  parent.  In  this^ 
way,  a  plant  composed  of  a  single  ceU  imitates  not  obscurely  the 
upward  and  downward  growth  (the  root  and  the  stem)  of  the  more 
perfect  plants,  or  when  celb  like  these,  whether  simple  or  branched, 
£brm  cross-partitions  as  they  grow,  in  the  manner  of  the  Conferva 
(Fig.  1^)  used  to  illustrate  this  mode  of  oell-multiplicatian,  they  give 
rise  to 

105.  Plants  of  a  Single  low  of  Celll.  Most  of  the  thread-like  green 
Algae  (Confervese),  which  abound  in  pools  and  brooks,  are  of  this 
sort.  '  So  are  the 
Moulds  or  Mildew 
Fungi,  of  which 
three  kinds  are  here 
represented ;  viz. 
the  Bread-Mould 
(Fig,  9:^ ),  and 
the  jDheese-Mould 
(Fig.  93),  whieh 
live  upon  dead  or- 
ganic matter;  and 
a  species  of  Botrytis  (Fig.  •94).  The  latter,  and  other  Moulds  of 
the  same  or  ofother  kinds,  Beed  upon-  the  .juices  of  living  phmts,  and 
even  animals,  where  they  commit  'great  ravages.  The  too  well- 
known  poitafeo^sease,  for  example,  is  probably  caused  by  the  attack 
of  a  species  of  Botrytis ;  a  similar  species  has  long  been  known  as 
the  cause  of  the  muscardine,  a  iatal  malady  of  silk-worms,  and  the 
malady  which  has  for  several  years  destroyed  a  great  part  of  the 
grape-crop  in  Europe  is  caused  by  another  parasitic  plant  of  the 
same  simple  structure.  The  accompanying  figures  show  only  the 
perfect  state  of  these  troublesome  little  plants,  or  rather  their  fructi- 
fication. Their  yegetation  consists  of  long  and  branching  threads 
(of  which  a  small  portion  only  is  represented  at  the  base),  which 
penetrate- and  spread  widely  and  rapidly  through  the  vegetable,  or 
qjth^  body  they  live  on,  and  feed  upon  its  juices.  At  length  they 
break  out  upon   the   surface,  and  produce  countless  numbers  of 


FIO.  99 -Mp  Three  kinds  of  Mould,  magnified.  82.  The  Bxe«d>Moald  (Mncor,  or  Atro- 
phora).  93.  The  Cheese-Mould  (^persiUus  ^ucw).  94.  BoUytia  TVmdmm^  the  ftxiciefl 
Wtiich  attacks  silk-worms,  &c. 
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spores  (97),  or  minute  rudimentaij  cells,  which  are  detached  from 
the  parent  plant  and  serve  the  purpose  of  seeilB.  The  spores  are 
in  some  cases  produced  (probably  by  original  cell-formation),  in  an 
enlai^^  terminal  cell,  as  in  the  Bread-Mould  (Fig.  92/ ;  while  in 
other  cases  they  are  naked,  and  arise  from  cell-division,  as  in  Fig. 
93,  94. 

106.  Plants  of  this  simple  structure  (belonjpng  chiefly  to  the 
lower  AlgK  and  Fuo^)  are  almost  as  various  in  form  and  numerous 
in  species  as  are  the  higher  kinds  of  vegetation.  Some  consist  of  a 
single  jointed  thread ;  others  are  excessively  branched ;  and  some- 
times the  branches  are  interlaced  or  cmnpacted  to  form  masses  or 
strata  of  considerable  size.  Some  of  them  present  little  or  no  dis- 
tinction among  the  cells  they  consist  of,  each  cell  performing  the 
same  oflice  as  any  other,  and  each  capable  of  producing  spores  or  in 
some  way  serving  for  reproduction ;  such  may  well  be  regarded 
as  rows  of  one-celled  plants,  more  or  less  united.  But  more  com- 
monly, even  in  the  simplest  vegetable  forms,  the  work  which  the 
plant  has  to  x>erform  is  divided,  some  parts  serving  for  vegetation  or 
nutrition,  and  others  for  reproduction,  as  we  see  is  the  case  with  the 
Moulds,  &C.  Even  a  on&«eUed  plant  may  begin  to  have  organs,  or 
parts  adapted  to  special  purposes,  as  is  welt  shown  by  Botrydinm 
and  Vaucberia  (Fig,  85-90).  As  we  ascend  in  the  scale  of  vege- 
table life,  more  and  more  specialization  will  be  found  at  every  step. 

107.  A  sUght  change  in  the  way  the  cells  multiply,  namely,  the 
formation  of  partitions  in  two  directions  instead  of  only  one,  intro. 
duces  the  next  advance  in  vegetable  development,  giving  rise  to 


108.  Flutl  of  I  Single  nme  or  LajfCr  of  Gclll.  Figures  18  -  22  show 
how  a  plant  of  a  single  spherical  cell  may  multiply,  by  repeated 

FIG.  B5.  A  finx  Df  DbIuhiU  Ltprieanl,  turn  Bal»a  Binr,  of  twic*  tbn  nKtnnl  atM. 
K.  A  pardon  Of  th*  vhola  breiilth  of  tha  tunc.  Dipn  in>!r><fleili  to  'haw  tha  Mllulir  Mnic 
ton.  Thfl  »11i  luT«  thick  gelarlDODj  waUg ;  tbosa  in  tha  pilddle  m  eloug&teil,  thue  bovudt 
the  mugliij  roniideil.    97.  A  jmatl  poj-t[oa  ttill  moro  mnffnlAod. 
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division,  into  two,  four,  and  sixteen  snch  plants,  and  so  on.  But  if 
these  cells  had  merely  remained  in  connection  as  they  multiplied, 
thej  would  have  composed  one  plant,  consisting  of  a  stratum  of  cells. 
This  is  just  what  we  have  in  the  Dulse  or  Laver  (Ulva,  Sec)  and 
some  other  simple  leaf-like  Algie  of  various  kinds,  such,  for  example, 
as  that  illustrated  in  Fig.  95  -  97.  When  the  whole  body  of  a  plant 
is  thus  expanded  and  leaf-like,  it  forms  what  is  called  a  Frond. 

108".  Not  only  Sea-weeds,  but  many  Liverworts  and  Lichens, 
grow  in  this  way.  (In  Lichens,  &C.,  the  expanded  body  usually 
takes  the  name  of  Thallus.)  In  most  cases,  however,  such  plants 
are  composed  of  more  than  one  layer  of  cells,  or  of  a  considerable 
number  of  layers.  And  those  of  thread-like  forms,  resembling  naked 
stems  and  branches,  in  all  the  coarser  and  in  some  very  delicate 
kinds,  are  made  up,  like  the  parts  of  ordinary  vegetables,  of  several 
thicknesses  of  cells ;  that  is,  they  are 

109.  FUmtS  of  a  Solid  TittOe  of  Cdll,  formed  by  cell-multiplication 
through  division  taking  place  in  more  than  two  directions.  Sea- 
weeds, Lichens,  and  other  plants  of  the  lowest  orders,  forming  in 
this  way  a  tissue  of  cells,  generally  exhibit  either  leaf-like  or  stem- 
like shapes,  but  seldom  if  ever  do  they  present  both  in  the  same 
plant  They  may  resemble  leaves,  or  they  may  resemble  stem  and 
branches,  or  display  a  variety  of  forms  interm^ate  between  stem 
and  leaf.  But  it  is  only  when  we  come  to  the  highest  tribe  of 
Liverworts,  and  to  the  true  Mosses,  that  the  familiar  tjfpe  of  ordinary 
vegetation  is  realized  in 

110.  Plants  with  a  Distinct  Axis  and  Foliage;  that  is,  with  a  stem 

which  shoots  upward  from  the  soil,  or  whatever  it  is  fixed  to,  or 
creeps  on < its  surface;  which  grows  onward  from  its  apex,  and  is 
symmetrically  clothed  with  distinct  leaves  as  it  advances.  AU  these 
lower  vegetables,  of  whatever  form,  imbibe  their  food  through  any 
or  every  part  of  their  surface,  at  least  of  the  freshly,  formed  parts. 
Their  roots,  when  they  have  any,  are  usually  intended  to  fix  the 
plant  to  the  rock  or  soil,  rather  than  to  draw  nourishment  from  it 
The  strong  roots  of  the  Oar^weed,  DeviVs  Apron  (Laminaria),  and 
other  large  Sea-weeds  of  our  coast,  are  merely  hold-fasts,  or  cords 
expanding  into  a  disc-like  surface  at  the  extremity,  which  by  their 
adhesion  bind  these  large  marine  vegetables  firmly  to  the  rock  on 
wluch  they  grow.  Mosses  also  take  in  their  nourishment  through 
their  whole  expanded  surface,  principally  therefore  by  their  leaves ; 
but  the  stems  also  shoot  forth  from  time  to  time  delicate  rootlets, 


68 


THK  GENERAL  DKVELOrMKXT  Ok'   PLANTS. 


composed  of  slender  cells  which  grow  in  a  downward  direction,  and 
doubtless  perform  their  part  in  absorbing  moisture.  A  Moss,  there- 
fore, is  like  an  <»xlinary  herb  in- minia- 
ture, and  exhibits  the  three  general 
Ohoaks  of  Yeoetation>  viz.  Hoot^ 
SteniyUnd  Leaves* 

111.   MMtr  Bad  TascRltr  PlanUu 

While  the  Mosses  emulate  ordinary 
herbs  and  trees  in  vegetation  and  ex<^ 
temal  appearance,  thej  accord  with 
the  lowest  kinds  of  plants  in  the  sim- 
plicity of  their  anatomical  structure. 
They  are  entir^j  composed  of  cellu- 
lar tissue  sUictly  so  called^  chiefly  in 
the  form  of  parenchyma  (51)  ;  at  least 
they  have  na  distinct  vessels  or  dacts 
(57)  and  no  true  wood  in  their  com- 
position. The  Mosses,  along  with  the 
lichens,  Alg8&,  Ftingi,  &c^  weref  1her&- 
^ore  denominkted  Cellular  Plants 
by  De  Candolle.  All  plants  of  higher 
griide,  iMsmuch  as  vascular  axul  woody 
tissues  enter  into  their  composition, 
when  they  are  herbs  as  well  as  when 
they  form  shrubs  or  trees,  he  distinguished  by  the  general  name  of 
Vascular  Plants.' 

112.  The  strength  which  woody  tissue  imparts  (54)  enables 
plants  in  which  it  abounds  to-attdn  a  great  size  and  height;  while 
Mosses  and  other  cellular  plants  are  of  humble  sice,  except  when 
they  live  in  water,  in  which  some  of  thfe  coarser  S^a-weeds  do  indeed 
acquire  a  prbdigious  length.  Although  true  Mosses  have  no  wk)6d 
in  their  composition,  yet  the  so-called  Club-Mosses  h&ve.  So  also 
have  the  Ferns,  the  highest  organized  family  of  the  lower  gifade  of 
plants ;  and  although  these  are  mostly  herbs,  or  else  plants  T^ith 
their  more  or  less  woody  stems  creeping  on  or  beneath  the  surface 
of  the  ground,  yi^t  in  warm  climates  some  species  rise  with  woody 
trunks  into  tall  and  palm-like  trees.     But  even  these,  like  the  hum- 

FIG.  98.  An  indiridoal  of  a  Moss  (Physcomitrlum  pyTifbrme),  enlarged  to  about  twelve 
times  the  natural  size.  99.  Tip  of  a  leaf,  tut  across,  much  magnified,  to  show  that  it  ia  madt 
DP  (tzoept  this  midrib)  of  a  liagle  layer  of  cells. 
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U«st  Mosses  or  the  minolMt  Moulds,  Kpring  from  single  cella  or 
qxiros  (97)i  and  not  irom  true  seeds.    And  the  appanituB  by  which 
theae  apotes  are  produced,  what«ver  be  its  nature,  is  not  a  flower. 
Plants  of  the  lower  grade  (98, 
99)  lire  therefora  coUecdveljr 
denominated 

113.  Ftowwitu  or  Crrptigi- 
fflant  Pluitl.  The  first  name 
expresses  the  fact  that  the  or 
gons  of  irnctification  in  these 
plants  are  not  of  the  nature 
^  real  Aowecs.  The  second 
name,  which  was  introduced 
by  LinnffiUB,  and  is  composed 
of  two  Greek  words  meaning 
"  coixeealed  fruodfication,"  re- 
fers to  the  obscure  nature  of 
the  organs  or  the  processes  of 
reproduction  in  these  plants, 
which  have  only  recently  come 
to  be  understood.  Some  ac- 
count of  them  will  be  given 
in  Chapter  XIL  lu 


Sect.  IL    Plants  or  the  Hiobcb  Grade  t  thsib  Detelop- 

KEKT   rSOlt,  THE   SkKD. 

114.  Flowerillg  or  FbElogiiii«u  Flub,"  ~  so  called  in  contnidis- 
tinctiwi  to  the  Flowerless  or  CrypK^amous, — is  the  general  name 
for  the  higher  grade  of  plants,  to  which  our  ordinary  herbs,  shrubs, 
and  trees  belong,  and  which  may  be  said  to  exhibit  the  perfected  type 
of  Tegetati<n).     The  lower  grade  be^ns  with  plants  so  simple  as  to 


*  Sometinies  written  FliaiKniganioui.  Both  terms  are  made  from  the  same 
Greek  worda,  and  signify,  by  a  metaphorical  expression,  the  connterpait  of 
Cryptogamoits ;  that  is,  tbu  the  esaeniial  organs  of  the  flower  are  mtuiifeit  or 
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be  destitute  of  organs ;  and  it  is  onlj  in  the  hi^^ier  Cryptc^amons 
plants,  such  as  Mosses  and  Ferns,  that  the  familiar  organs  of  ordi- 
nary vegetation  appear  as  separate  parts  of  the  plant,  viz.  the  root^ 
stem,  and  leaves.  In  the  higher  grade  (i.  e.  in  Phaenc^amous 
Plants)  these  three  parts  are  well  defined,  and  always  present,  in 
some  form  or  other;  —  a  few  anomalous  instances  excepted,  such 

as  the  common  Duck-weed,  for  example  (Fig.  102). 
Here  stem  and  leaf  are  as  it  were  blended,  in  the 
manner  of  a  Liverwort,  to  form  a  flat  green  body, 
which  floats  on  the  water,  exposing  the  upper  sur- 
&ce  like  a  leaf  to  the  light,  while  one  or  more  roots 
proceed  from  the  lower,  and  a  small  and  simple 
flower  at  length  makes  its  appearance  on  some  part 
of  the  margin.  This  is  an  extremely  simplified 
state  of  a  Phsenogamous  plant. 

115.  Ordinarily,  not  only  are  the  root,  stem,  and 
foliage  distinct  and  separate  from  each  other,  but 
also  distinct  from  the  apparatus  for  reproduction. 
So  that  the  plant  is  composed  of  two  kinds  of  or- 
gans, viz.  Organs  of  Vegetation  and  Organs 
OF  Reproduction. 

116.  The  Organs  of  Vegetation  are  the  Booty  Stem,  and  Leaves  (110). 
These  are  so  called  because  they  are  jointly  concerned  in  the  nutri- 
tion and  growth  of  the  plant,  and  in  the  performance  of  all  its  char, 
acteristic  functions,  and  they  are  all  that  is  so  concerned.  Making 
up  as  they  do  the  entire  vegetable,  and  repeated  under  varied  forms 
throughout  its  whole  development,  they  are  also  termed  the  Funda- 
mental Organs  of  plants. 

117.  The  Organs  of  Reprodnetion  in  the  simplest  Oyptogamous 
plants  are  not  distinct  from  those  of  vegetation ;  but  in  most  plants, 
even  of  the  lowest  families,  the  cells  for  reproduction  are  different 
in  appearance  and  in  the  mode  of  their  formation  from  those  which 
serve  for  vegetation.  These  reproductive  cells,  or  Spores,  with  the 
apparatus  for  their  production  and  protection,  whatever  it  may  be, 
constitute  the  organs  of  reproduction  in  Cryptogamous  plants.  In 
Phaenogamous  plants  the  organs  of  reproduction  are  the  Slower, 
essentially  consisting  of  Stamens  and  Pistils,  and  the  result  of  their 
co-operation  is  the  production  of  Seed. 

118.  A  Seed  is  a  body  produced  by  the  agency  of  a  flower,  which 
contains,  within  one  or  more  coats  or  coverings,  a  ready-formed 
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plantlet  in  8  rudimentary  state.  FlowerleM  or  CiyptogamouB  plants 
spring  from  spores  or  single  cells,  which  when  ihej  germinate  multi- 
ply to  produce  a  tissue  or  an  aggregation  of  cells,  that  at  length 
grows  and  forms  a  plantlet.  But  a  seed  contains  a  plantlet  readj 
formed,  or  a  germ,  which  is  called  an  Embbto.  And  the  histoiy  of 
a  Flowering  or  PhaBuogamous  plant  naturally  begins  with 

119.  The  DeyelopmMt  of  the  EBbrjre  irom  the  Seed,    The  ei^brye 

varies  exceedingly  in  size,  shape,  and  appearance  in  different  plants ; 
but  it  is  constructed  upon  the  same  general  plan  in  all;  and  the 
development  of  almost  any  plantlet  fix»n  the  seed  will  serve  to  illus- 
trate the  principal  laws  and  processes  of  vegetable  growth.  To 
commence  with  the  study  of  the  seedling  is  the  readiest  way  to  un- 
derstand the  whole  vegetable  structure  and  life. 

120.  The  seeds  of  the  Bed  or  the  Sugar  Maple  furnish  good 
illustrations,  and  they  are  readily  met  with  in  germinationy  i.  e.  just 
developing  the  embryo  into  a  plant.  Also  they  are  large  enough  to 
allow  the  embryo  to  be  extracted  from  the  seed-coats,  and  inspected 
by  the  naked  eye,  or  by  the  aid  of  a  common  hand-glass.  (Fig. 
.103-105.)  Here 
the  whole  contents 
of  the  seed  consist 
of  an  embryo,  neatly 
coiled  up  within  the 
seed-coats.  If  un- 
folded, or,  which  is 

better,  if  examined  when  just  unfolding  itself  in  germination,  it  is 
seen  to  consist  of  a  tiny  stem  or  axis  (Fig.  104,  105,  a),  bear- 
ing a  pair  of  small  leaves  on  its  summit.  The  axis  is  called  the 
Badiole,  because  it  was  supposed  to  be  the  root ;  though  it  is  really 
the  rudiment  oi  the  stem  rather  than  of  the  root,  and  therefore  were 
better  named  the  Catdicle;  but  the  former  name  is  now  too  well 
established  to  be  superseded.  The  two  little  seed-leaves  (6,  b)  are 
technically  called  Cotyledons  :  and  a  little  bud  which  will  pres- 
ently appear  between  them  (Fig.  106,  e),  or  may  be  discerned  there 
in  many  embryos  before  germination  (as  in  the  Almond,  Fig. 
108,  a)  is  named  the  Plumule.  The  embryo,  accordingly,  is  a 
short  axis  or  stem  bearing  upon  one  end  some  rudimentary  leaves  ; 

FIG.  108.  Embrjo  of  Sagar-Mapte  m  coiled  vp  In  tbo  feed.  104, 106.  The  tame,  Jiut  be- 
ginning to  unfold  and  develop  in  getminatkm :  a,  the  radiele,  or  piimaij  atem :  ft,  ft,  tfaa 
eotyledooe  or  eeod-leaTes. 
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or,  in  other  words,  it  is  a  primary  stem  crowned  with  a  ItafAmi. 
When  it  grows,  this  stem  elongates  thronghout  its  whole  length,  so 
as  usually  to  raise  the  budding  apex  above  the  surface  of  the  soil, 
into  Uie  light  and  air,  where  its  cotyledons  expand  into  leaves ;  and 
\  at  the  same  time  from  the  opposite  ex- 

tremity is  formed  the  root^  which  grows 
*  in  a  downward  directicm,  so  as  to  pen- 
etrate more  and  more  into  the  soiL  The 
two  extremities  of  the  embryo  are  dif- 
ferently organized,  are  differently  affect- 
ed by  light  and  air,  and  grow  in  opposite 
directions.  The  budding  end  invaria- 
Uy  turns  towards  the  Hght,  and  grows 
upwards  into  the  air ;  the  root-end  turns 
constantly  from  the  light,  and  buries  it- 
self in  the  dark  and  moist  soiL  These 
tendencies  are  absolute  and  irreversible. 
If  the  budding  end  happen  to  lie  point- 
ing downwards  and  the  root  end  up- 
wards, both  will  curve  quite  round  as 
they  grow  to  assume  their  appropriate  positions.  If  obstacles  inter- 
vene, the  root  will  take  as  nearly  a  downward,  and  the  stem  as 
nearly  an  upward  direction,  as  possible.  These  are  only  the  first 
manifestations  of  an  inherent  property,  which  continues,  with  only 
incidental  modifications,  throughout  the  whole  growth  of  the  plant, 
although,  like  instinct  in  the  higher  animals,  it  is  strongest  at  the 
commencement :  and  it  insures  that  each  part  of  the  plant  shall  be 
developed  in  the  medium  in  which  it  is  designed  to  live  and  act, — 
the  root  in  the  earth,  and  the  stem  and  leaves  in  the  air.  The 
plantlet,  therefore,  possesses  a  kind  of  polarity;  it  is  composed  of 
two  counterpart  systems,  namely,  a  Defending  Axts^  or  root,  and  an 
Ascending  AxU^  or  stem.  The  point  of  union  or  base  of  the  two 
has  been  termed  the  crown,  neck,  or  oMoar.  Both  the  root  and  stem 
branch;  but  the  branches  are  repetitions  of  the  axis  from  which 
they  spring,  and  obey  its  laws ;  the  branches  of  the  root  tending 
to  descend,  and  those  of  the  stem  to  ascend. 
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FIG.  106.  A  genninatini;  embiyo  of  SoguvMaple,  more  adnmeed ;  «,  t1i«  ndlela  ekmgttted 
hato  the  first  joint  of  «tein,  bearing  the  unfolded  ootyledoni  or  eeed-ka-res,  6,  and  between 
them  the  plumule  (e),  or  rodSmentft  of  the  iMxt  pair  of  IcaTee ;  white  fhMU  its  lower  extrani^ 
the  rooty  d^  is  formed. 
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.  121.  The  txwt  and  the  stem  grow  not  only  in  opposite  directions, 
but  in  a  different  mode.  The  litLle  stem,  pre-existing  in  the  seed, 
grows  throughout  its  .whole  length,  (but  moat  in  its  upper  part,) 
BO  thiit  a  radicle  of  perhaps  less  than  a  line  in  lengfh  may  become  a 
etemlet  two  or  three  inches  long.  It  is  by  Ibis  elongation  that  the 
Beed-leaves  are  raised  out  of  the  soil,  so  as  to  expand  in  the  light 
and  air.  Meanwhile  a.  root  begins  to  be  formed  at  the  other  end  of 
the  radicle ;  and  thid  lengthens  by  continued  cell-multiplication  mainly 
at.  its  lower  extremity,  the  parts  once  formed  scarcely  if  at  all  elon- 
gating afterwards ;  but  the  growth  takes  place  continuously  at  the  tip 
alone.  The  primary  stem,  bearing  the  pair  of  seed-leaves,  soon 
completes  its  development,  and  ceases  to  lengthen.  Then,  if  not 
before,  tbe  plumule  (Fig.  106,  c)  begins  its  growth  and  develops 
into  a  second  stemlet  on  the  summit  of 
the  first,  bearing  its  pair  of  leaves.     It  ~ 

lengthens  in  the  manner  its  predeces- 
sor did,  and  carries  up  the  second  p^r 
of  leaves  to  some  distance  above  the 
first ;  then  from  between  them  springs 
a  third  joint  of  stem,  crowned  with  its 
pair  of  leaves  (Fig.  107) ;  and  so  on, 
building'  up  the  whole  herb  or  tree  by 
this  succession  of  similar  growths  or 
joints  of  stem.  The  root,  on  the  other 
hand,  grows  on  in  a  downward  direc- 
tion continuously,  is  not  composed  of  a 
series  of  jconts,  and  bears  no  leaves  or 
other  organs. 

122.  The  youngest  seedling  is  there- 
fore provided  with  all  the  organs  of 
■vegetation  that  the  ftiU-grown  plant 
possesses ;  and  even  the  embryo  in 
the  seed  is  already  a  miniature  vege- 
table. It  has  a  stem,  from  the  lower 
end  of  which  it  strikes  root  in  ger- 
mination ;  it  has  leaves,  and  it  has  or 

soon  forms  a  bud,  which  develops  into  new  joints  of  stem  bearing 
additional  leaves,  while  beneath  it  sends  its  root  deeper  and  deeper 
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into  the  BoiL  The  root  absorbs  materials  (br  the  plant's  nourish* 
ment  from  the  soil ;  these  are  conrejed  through  the  stem  into  the 
leaves,  and  there  assimilated  (12,  15),  under  the  influence  of  the 
light  of  the  sun  and  the  air,  into  oi^anic  matters  which  serve  directly 
for  turther  growth,  and  form  the  fabric  of  new  portions  of  stem,  new 
leaves,  and  new  roots,  the  vegetable  thus  increasing  its  size  and  its 
power  at  every  step. 

123.  Once  established,  therefore,  the  plant  can  provide  for  itself 
drawing  the  needful  materials  from  the  earth  and  the  air,  and 
assimilating  or  organizing  them  by  its  own 
peculiar  power.  But  at  the  beginning,  and 
until  it  has  sent  forth  its  root  into  the  soil 
and  spread  out  its  first  leaves  in  the  light, 
it  roust  he  nourished  and  grow  by  means  of 
organized  matter  sUppUed  by  the  parent 
plant.     This  supply  in  the  Maple  was  de- 


posited in  the  seed-leaves  of  the  embryo,  and  wea  barely  suffident 
to  develop  the  radicle  into  a  tiny  stem,  to  form  a  simple  root  at 
liie  lower  extremity,  and  above  to  expand  in  the  light  the  pair 
of  small,  green  seed-leaves ;  when  the  plantlet  is  left  to  its  own 
resources.  Very  commonly  a  larger  store  of  nourishment  is  pro- 
vided for  the  plant's  earliest  growth.  In  the  almond,  for  instance 
(Fig.  108),  the  large  cotyledons  are  so  thickened  by  this  nourishing' 
matter,  deposited  in  their  tissue,  that  they  have  not  the  appearance 
of  leaves.  It  is  the  same  in  the  Flum  and  Cherry  (Fig.  Ill'), 
and  in  the  Apple,  only  on  a  smaller  scale  (Fig.  110,  111);  and  the 
Beech  (Fig.  112  -  IH)  and  the  Bean  (Fig.  115  - 117)  affoid familiar 

FIO.  me.  EmbiTO  (keni*l)  of  ths  Almoad.  106  Sum,  wltb  am  eotjilsdaa  naund,  to 
phoir  tbe  plumule,  a. 

no  110.  SkUob  oT  u  Appla-H»],  mi^ia^,  mUfaic  tlinnifli  th«  thIckDaB  of  lb* 
caljlaloiil.    111.  EmbcjD  of  ths  nmB,  siUsf  ted  eaOrr,  Uh  cntylKUwi  ■  UtCIa  Hpmtod. 

FIO,  HI  °.  Osmilnittk«  of  tbe  Cben?,  iliowlDg  tba  ttikk  nljladoni  llUto  allind,  ind 
thi  plomal*  OtJtloplat  tlx  HTlkat  ihI  Ibllig*. 
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niiutndaiiB  of  tlie  kind.     Hie  vnple  store  of  noorishment  in  sndi 

cases  enables  the  germinating  plantlet  to  grow  with  remarkable 

vigor,  and  to  develop  the  atroog  plum&le 

with    ita    leaves    before    the   seed-leavea 

have  expanded,  or  the  root  has  obtained 

much    foothold    in    the    BoiL      In    these  / 

instances   the   cotyledons   are   bo   much 

thickened  that,  ^ 

although   theyXj 

turn    greeiUBh 

iin  the  li^t, 
thej  oalj  im- 
perfectlj  as- 
sume .  the  ap- 

~^pearance 

y  perform      ^ell 
functions  of  oi^-> 
dinaiy  leaves; 
and  the  ettrii- 
est  real  foliage 
coaaista  of  the 
leaves   of  the 
plumule.  Such 
cotyledo 
eerve     chieflj 
I  as  depositories 
of  nourishment 
for  the  germi- 
'"  '"     nadng  plant.  "* 

124.  Still  nmre  stronglj  matked  casea  of  this  kind  are  presented 
by  the  Pea  (Fig.  118,  119),  the  Chestnut  and  Horsechestnut,  the 
Oak  (Fig.  120,  121),  &c  Here  the  cotyledons  are  excessively 
thickened,  so  as  to  lose  all  likeness  to  leaves  and  all  power  of  All- 
filling  the  office  of  foliage.  Accordingly  they  remain  unchanged 
within    the    seed-coats,   supplying    abundant    nourishment   to   the 

710.  Ill  A  BuMh-nnt,  cot  (CRM.  US.  BiglDiilDC  KniliMdoii  of  tb*  B«li,  itmwb^ 
Ibe  phiniDia  (loiring  beftm  tbg  oo^Udou  hiTB  apeDed  «  tb*  not  ha  BuedT  teiscd. 
114,  lis  lUBi,  ■  Uttle  liMr,  vtlh  Itw  nmkd  yAot  lengthtud. 

FIG.  116.  The  mbrro  (Uh  «b<4a  knwl)  <a  tba  Btu.  Ilfl.  Bum  Hrij  In  (nmliHtloD  ; 
Oh  Uriek  aKjMou  npHHllDE  nd  ibawjng  U»  plnmuU.  117.  Buna,  mon  ndnuwl  Id 
(ixmliuttoDi  tlu  plannliiltnlopadlntoiialDlof  lUai  ImhIiic  ■  pab  of  Ihtm. 
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plumule,  which  gives  rise  to  the  first  leaves  that  appear.  As  the 
radicle  itself  scarcely  if  at  all  elongates,  the  cotyledons  are  not  ele- 
vated in  germination  but  remain  under  ground  (i.  e.  are  hypogceous)^ 
or  rest  on  the  surface  of  the  soiL 

125.  In  all  the  foregoing  illustrations  the 
nourishment  provided  for  the  growth  of  the 
embryo  into  a  plantlet  is  deposited  in  the 
tissue  of  the  embryo  itself,  i.  e.  in  the  seed- 
leaves.     In  other 

cases  it  is  depos- 
ited  around    the 

embryo ;  when  it 

forms     what     is 

commonly   called 

the    Albumen    of 

the    seed.      This 

makes     up     the 

principal  bulk  of  | 

the   seed   in  the 

Buckwheat,     In- 
dian  Com  (Fig. 

126,    127),    and 

most  other   sorts 

of    grain.      The 

greater  the  quan- 
tity  of  this,   the 

floury  part  of  the 

seed,  the  smaller 

or  less  developed 

is     the     embryo, 

or  the  less  thick 

are  its  cotyledons. 

In  the  Moming- 
Glory,  for  instance  (Fig.  122  - 125),  where  the  embryo  is  surround- 
ed by  mucilaginous  albumen,  the  cotyledons  appear  in  the  seed  as 
a  pair  of  very  thin  and  well-formed  green  leaves.  These  absorb 
tlie  nourishment  required  for  the  plantlet's  earliest  growth  from 


121 


FIG.  118.    Embryo  of  a  Pea.    119.  The  same  in  germination. 

FIG.  120.    An  acorn,  divided  lengttiwise,  allowing  a  section  of  the  very  thick  and  flethy 
cotyledons  and  the  very  small  radicle.    121.  Germination  of  the  aoora. 


; 
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the  surrounding  &lbtimen,  which  in  germination  is  gradusllj'  lique- 
fied, ils  starch  or  amyloid  being  tran^foimed  into  dextrine  and 
sugar  (80,  82,  83).  Thus  nourished,  the  radicle  rapidly  lengthens 
into  a  stem,  and  develops  a  root  from  its  in  at 

lower  extremity,  connecting  it  with  the 


soil ;  and  when  the  enlarging  cotyledons 

extricate  themselves  from  the  decaying 
seed-coots  and  expand  in 
the  light  as  the  first  pair 
of  leaves,  the  plantlet  is 
already  established  as  a 
complete  miniature  vege- 
table, able  to  nourish  it- 
self, and  make  sufficient 
provision  Jbr  its  own  con- 
tinued growth.  "*  '* 

126,  The  embryo  in  seeds  provided  with  albumen 
is  sometimes  very  small,  as  in  Fig.  131,  or  even 
much  more  minute,  and  with  its  parts  so  rudimentary 
that  they  are  hardly  or  not  at  all  discernible  previous 
to  their  gradual  development  in  germination.  But 
sometimes  it  is  pretty  large,  and  with  all  its  parts 
HI        obvious    in    the    seed;    as   in    the    Moming-GIory 

and  in  Indian  Com  (Fig.  122).     The  latter  has  a  higlily  orgimized 

ns.  122,  Seed  and  embryo  of  the  eommoa  UdDmlDg-Qloiy,  cut  sctohb  ;  the  kitUi  wm 
•dgewin,  12B.  Embrjo  oT  Uie  suib,  detaetuul  uA  stralghteiieil.  B»n  Bctnln.  124.  Oennl- 
mUng  Uomlng-OloiT,    126.    Tbe  nni*  fiirtlur  kdTuind ;  ita  lot  thin  Bed-laTH  eipuded. 

no.  12S.  A  gnin  of  Indiui  Corn,  aeeu  SmtwlBe.  divid«l  through  tha  embrjro,  whkh  ii 
viewed  lying  dd  the  *U]iiiD«a,  which  makn  (ho  prlodpAl  balk  of  the  i«d. 

Plfi.  127.  Awtber  gnln  of  Corn,  cpt  through  the  nMdlo  [□  Iho  oppoelte  direction.  dlTld- 
tng  the  emhrjo  through  Its  Utick  cotyledon  uid  la  plumule,  the  latter  oonaktiEig  of  tiro 


.    The  embrjr 


out  (hole:  the  thick  man  ]»  the  wtyWon 
r  [I  le  the  plumule;  the  HtUe  pmjectioa  ot  ItibaM  !• 
ihnthing  baae  of  the  Brat  leeTDf  the  plnmnle. 
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embiyo,  with  a  strong  and  weU-dereloped  plumsle,  of  geveral  leaves 
enwrsf^ted  me  within  another ;  and,  being  amplj^  nourished  bj  the 
"Tpious  mealy  albumen,  it  sprouts  with  re- 
arkable  vigor,  sending  up  three  or  four 
nves  ia  rapid  succession  before  the  earliest 
td  completed  its  growth,  at  the  same  time 
nding  forth  additional  roots  dowawarda  into 
e  eoiL  Here  also,  as  in  the  Fea  and  the 
ik,  Ac  (124)  the  germination  is  kypogaovx, 
i  cotyledons  remaining  in  the  seed  under 
>und,  and  the  leaves  whteb 
pear  above  ground  belon 
the  plumule.  i^'- 
le  in  the  I 
^  plants  < 
^  But  in 
C  tyledon 
JS  lengtheE 
^^  out  of  t; 
\  comes  tl 
t  127.1 
)  130),  in: 
alsointht 
^    rj  (Fig. 

121),  and  Pea  (Fig.  119),  the  leav. 

succeed  one  another  singly,  that  is, 

upon  each  joint  of  stem  :  in  other  wo 

akemate.     Whereas  in  the  seedling  B 

(Fig.  114,  117)  these  early  leaves  ar. 

are  opporite.    A  similar  difierence  is  1 

embryo  as  to  the 
128.  Namber  of  Colfledoni,    All  tb 

lions  are  taken  from  plants  which  hav 

dons,  or  seed-leaves,  belonging  to  the 

that  is,  to  the  radicle.     Such  embryo 

said  to  be  DicoryLEDOwOBB, — a  ni 

But  in  the  Lily,  Onion,  Iris,  Indian  O 


i»(».La«,  nuffBlasd,  ahowhif  tha  Bnall  «Bb<i 
U  bus.    ]3a.  OoubHtlBg  pluitM  or  IliM. 
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hnt  onlj'  one  cotyledon  or  true  seed-leaf  (Fig.  128,  &c>) ;  the  other 
leaves,  if  any  are  apparent,  are  enclosed  by  the  cotyledon  and  be- 
long to  the  plumule;  and  the  emhryo  wiih  one  cotyledon  b  ac- 
ccwdingly  termed   Monocotyledonous.     The  difference   in  thia 
respect  coincides  with  striking  differences  in  the 
structure  of  the  stems,  leaves,  and  blossoms,  and 
lays  a  foundation  for  the  division  of  Flowering  or 
Phienogamous  plants  (114)  into  two  great  Classes. 

129.  In  a  few  plants,  such  as  Pines,  the  embryo 
is  provided  with  frcMn  three  to  ten  cotyledons, 
which  expand  into  a  circle  of  as  many  green  leaves 
in  germination  (Fig;  133,  134) :  such  an  embiyo 
is  said  to  be  Folic  otvledomovs,  L  e.  of  many 
cotyledons. 

130.  Having  taken  this  general  survey  of  the 
development  of  Phaenogamous  plants  from  the 
seed,  and  of  their  common  plan  of  growth,  their 

further  development  and  their   morphology  may         "•         '* 
best  be  studied  by  examining   in  succession  the  three  universal 
organs  of  vegetation  (116)  of  which  they  all  consist,  viz.  the  Boot, 
Stem,  and  Leaves. 


CHAPTER     III. 

OF  THE  BOOT,  OB  DESCENDING  AXIS. 

ISl.  The  Boot  is  the  descending  axis  (120),  or  that  pntion  of 
the  body  of  the  plant  which  grows  downwards,  ordinarily  finng  the 
T^etable  to  the  soil  and  absorbing  nourishment  from  it.  As  already 
mentioned  (131),  the  root  grows  in  length  by  continual  adcKtions  of 
.  new  fabric  to  its  lower  extremity,  elongating  Irom  that  part  only  or 
chiefly  j  so  that  the  tip  of  a  growing  root  always  consists  of  the  most 
newly  formed  and  active  tissue.  It  begins,  in  germination,  at  the 
root-end  of  the  radicle.  That  only  this  extremity  of  the  radicle  is 
root  is  evident  from  the  mode  in  which  the  radicle  grows,  muneiy, 

no   133.    Section  oT  ■  Hcd  of  ■  PIik,  with  lU  nnbrjro  of  HTenl  CDtj-kduu.    131,  £w1t 


bj  lenglliening  throughout  every  part;  which  is  a  characteristic 
feature  of  the  stem. 

132.  The  root,  however,  doea  not  grow  from  ita  very  apex,  aa  ia 
conunonly  stated;  but  the  new  formation  (by  continued  tnulliplica- 

tion  of  cells,  33)  takes  place  just  behind  the 
apex  (Fig.  135),  which  conaista  of  an  obtusely 
conical  mass  of  older  cells.  As  these  wear 
away  or  peiish,  they  are  replaced  by  the  layer 
beneath ;  and  so  the  advancing  point  of  the 
root  conaista,  as  inspection  plainly  shows,  of 
older  and  denser  tissue  than  the  portion  just 
behind  it.  The  point  of  every  bi-anch  of  the 
^  root  is  capped  in  the  same  way.     It  follows 

that  the  so-called  ipongiolet  or  spongelets  of 
the  roots,  or  enlarged  lips  of  delicate  forming  tissue,  have  no  ex- 
istence. Not  only  are  there  no  special  organs  of  this  sort,  but 
absorption  evidently  does  not  taJte  place,  to  any  considerable  extent, 
through  the  rather  firm  tissue  of  the  very  point  itself, 

133.  AbsorptiDll  by  Boots.  As  fhe  surface  of  the  root,  like  every 
port  of  a  plant,  consists  of  closed  cells,  it  is  evident  that  the  moist- 
ure it  so  largely  takes  in  must  la* 

be  imbibed  through  the  walls  of 
the  cells,  by  endosmose  (40)  ; 
and  that  the  whole  surface  of  a 
fresh  root  wiU  take  part  in  ab- 
sorption. The  newer  the  root, 
however,  the  more  actively  does 
it  absorb,  the  cells  then  having 
thinner  walb.  As  they  become 
older,  the  superficial  layer  of 
cells  thicken  their  walla  and 
form  a  kind  of  skin,  or  epider- 
mis (69),  through  which  absorp- 
tion does  not  take  place  so  free-  '" 
ly.  Roots  accordingly  absorb  mostly  by  their  fresh  tips  and  the 
adjacent  parta;  and  these  are  constantly  renewed  by  growth,  and 

FIO   I3S.    Tbstlpof  th*K»ta(sKcd1liigHaple(Flg.1<M),i9ignUI«dt  a,  the  plue  vhen 
(Knith  li  mslnl;  Uhlng  plus,  b^  ceU-mnltlpliaClon :  b,  the  di^diI  tip  of  ths  ndlctn 
FIO.  136, 13T.    Pnrtlons  of  the  wirftice  of  the  ume,  highly  magulfled,  ilwwtng  the  uatun 
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extended  farfher  into  the  soil.  The  absorbing  surface  of  the  new 
parts  of  roots  is  greatly  increased  by  the 

134.  Root-bain^  or  delicate  fibrih  which  they  bear.  These  are 
oflen  discernible  by  the  naked  eye,  as  in  the  young  seedling  Maple 
(Fig.  106),  and  may  almost  always  be  plainly  shown  by  a  moderate 
magnifying  power,  as  in  Fig.  135 ;  while  a  higher  power  distinctly 
reveals  their  nature,  as  prolongations  of  some  of  the  superficial  cells 
from  a  certain  point  into  slender  tubes.  (Fig.  136,  137),  thus  largely 
increasing  the  absorbing  surface.  As  fast  as  the  superficial  cells  are 
converted  into  epidermis,  the  root>hairs  die  away,  fresh  ones  taking 
their  place  on  the  newer  parts. 

135*.  The  advancing  extremity  of  the  root  consists  of  parenchyma 
alone;  but  vessels  and  woody  tissue  appear  in  the  forming  root 
soon  after  their  appearance  in  the  radicle  or  stemlet  above.  The 
antrngement  of  the  woody  matter  is  generaUy  the  same  as  in  the 
stem,  except  that  the  root  seldom  exhibits  a  distinct  pith.  The  root 
increases  in  diameter  in  the  same  manner  as  the  stem.  (Chap.  lY. 
Sect.  IV.,  V.) 

136.  The  growth  of  the  root  and  its  branches  keeps  pace  with 
the  development  of  the  stem.  As  the  latter  shoots  upward  and 
expands  its  leaves,  from  which  water  is  copiously  exhaled  during 
vigorous  vegetation,  the  former  grow  onward  and  continually  renew 
the  tender  tissue  through  which  the  absorption,  required  to  restore 
what  is  lost  by  evaporation  or  consumed  in  growth,  is  principally 
effected.  .  Hence  the  danger  of  disturbing  the  active  roots  during 
the  season  of  growth.  In  early  summer,  while  new  branchlets  and 
leaves  are  developing,  and  when  the  sap  is  rapidly  consumed  by  the 
fresh  foliage,  the  rootlets  are  also  in  rapid  action,  are  extending  at  a 
corresponding  rate,  and  their  tender  absorbing  points  are  most  fre- 
quently renewed.  They  cannot  now  be  removed  from  the  soil  with- 
out injury,  at  the  very  time  when  their  action  is  essential  to  restore 
the  liquid  which  is  continually  exhaled  from  the  leaves.  But  at  the 
close  of  summer,  as  the  leaves  become  inactive  and  the  growth  of 
the  season  is  attained,  the  rootlets  also  cease  to  grow,  the  epidermis 
forms  a  comparatively  firm  covering  quite  down  to  the  tip,  and  ab- 
sorption at  length  ceases.  This  indicates  the  proper  period  for 
transplanting,  namely,  in  the  autumn  after  vegetation  is  suspended, 
or  in  early  spring  before  it  recommences. 

137.  This  elongation  of  roots  by  their  advancing  points  alone  is 
admirably  adapted  to  the   coijditions   in  which  they  are   placed. 
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Growing  as  they  do  in  a  mediam  of  such  unequal  resistance  as  the 
soil,  if  roots  increased  like  growing  stems,  hj  the  elongation  of 
their  whole  hodj,  thej  would  be  thrown,  whenever  the  elongating 
force  was  insufficient  to  overcome  the  resistance,  into  knotted  orcoh* 
torted  shapes,  ill  adapted  for  the  free  transmission  of  fluid.  Butj 
lengthening  only  at  their  fiirthest  extremity,  they  insinuate  them- 
selves with  great  facility  into  the  crevices  or  yielding  parts  of  the 
soil,  and  afterwards  by  their  expansion  in  diameter  enlarge  the 
cavity ;  or,  when  arrested  by  insuperable  obstacles,  thieir  advancing 
"points  follow  the  surface  of  the  opposing  body  until  they  reach  a 
softer  medium.  In  this  manner,  too,  they  readily  extend  from  plao^ 
to  place,  as  the  nourishment  in  their  immediate  vicinity  is  consumed. 
Hence,  also,  may  be  derived  a  simple  explanation  of  the  faot,  that 
roots  extend  most  rapidly  and  widely  in  the  direction  of  the  most 
favorable  soil,  without  supposing  any  self-detertnining  power  beyond 
what  belongs  to  all  growing  parts.     (Chap.  XIIL) 

188.  We  have  taken  the  root  of  the  seedling  as  an  example  and 
epitome  of  that  of  the  whole  herb  or  tree ;  as  we  rightly  may,  for 
in  its  whole  development  the  root  produces  no  other  parts ;  it  bears 
nothing  but  naked  brandies,  which  spring  from  different  portions  of 
the  sur&ce  of  the  main  root,  nearly  as  this  sprung  from  the  radid^ 
and  exactly  imitate  its  growth.  They  and  their  ramifications  are 
mere  repetitions  of  the  original  descending  axis^  serving  to  multipl;^ 
the  amount  of  absorbing  surface.  The  branches  of  the  root,  more- 
over, shoot  forth  irregularly,  or  at  least  in  no  order  like  that  of  the 
branches  of  the  stem,  whidi  have  a  symmetncal  arrangemcant,  de- 
pendent upon  the  arrangement  of  the  leaves  (166). 

189.  To  the  general  statement  that  roots  give  birth  to  no  other 
organs,  there  is  this  abnormal,  but  by  no  means  unusual  exception, 
that  of  produdng  buds,  and  therefore  of  sending  up  leafy  branches. 
Although  not  naturally  furnished  with  buds,  like  the  stem^  yet, 
under  certain  circumstances,  the  rok)ts  of  many  trees  arid  shrubs, 
and  of  some  herbs,  have  the  power  of  produdng  them  abundantly. 
Thus,  when  the  trunk  of  a  young  Apple-tree  or  Poplar  is  cut  off 
near  the  ground,  while  the  roots  are  vigorous  and  full  of  elaborated 
sap,  those  which  spread  just  beneath  the  surface  produce  buds,  and 
give  rise  to  young  shoots.  The  roots  of  the  Madura,  or  Osage 
Orange,  habitually  give  rise  to  such  irregular  or  advenUtumt  (168) 
buds  and  branches. 

140.  Although  the  root  does  not  produce  ascending  axes,  or  stems. 
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exeept  in  certain  rather  unusual  instances,  yet  stems  habitually  pro- 
duce roots,  whenever  circumstances  favor  it,  namely,  when  they  are 
covered  by  the  damp  and  moist  soil,  or  rest  on  its  surface.  Boots 
accordingly  may  be  distinguished  into  primary  and  tecandary, 

141*  The  FrimarjF  BMt  is  that  which  originates  from  the  root  end 
of  the  embryo  in  germination,  including  also  its  branches.  If  this 
continues  as  a  main  root,  it  commonly  forms  a  tap-root.  But  very 
often  the  main  root,  is  soon  lost  in  the  branches.  Sometimes  a 
cluster  of  roots  is  produced  directly  from  the  lower  extremity  of 
the  radide,  as  in  the  Pumpkin,  and  Indian  Com  (Fig.  130).  In  the 
latter  the  second  and  the  succeeding  short  j<unts  of  stem  also  send 
out  roots.    These  are  early  instances  of 

142.  SecOHdary  BMtSf  i«  e.  roots  emitted  by  other  parts  of  the 
ascending  axis  than  the  radicle.  Most  creeping  plants  produce 
them  at  every  joint;  and  most  branches,  when  bent  to  the  ground 
and  covered  with  earth,  so  as  to  afford  the  moisture  and  darkness 
they  require,  will  strike  root  So,  often,  will  separate  pieces  of 
young  stems,  if  due  care  be  taken ;  as  when  plants  are  propagated 
by  cuttings.  Gryptogamous  plants,  growing  from  spores  and  hav- 
ing no  embryo  stem  or  axis  to  commence  with,  are  furnished  with 
secondary  roots  only. 

143.  Viewed  as  to  the  duration  of  the  plant,  roots  are  distin- 
guished^  into  annual,  hiennialj  and  perenniaL 

144.  ianoal  KooU  are  those  of  a  plant  which  springs  from  the 
seed,  iloiyers,  and  dies  the  same  year  or  season.  Such  plants 
always  have  Jibrotu  roots,  composed  of  numerous  slender  branches, 
fibres,  or  rootlets,  proceeding  laterally  from  the  main  or  tap-root ; 
or  else  the  whole  root  divides  at  once  into  such  fibrous  branches,  as 
in  all  annual  Grasses  (Fig.  130).  These  multiplied  rootlets  are 
well  adapted  for  absorption  from  the  soil,  but  for  that  alone.  The 
food  which  the  roots  absorb,  after  being  digested  and  elaborated  in 
the  leaves,  is  all  expended  in  the  production  of  new  leafy  branches, 
and  at  length  of  blossoms.  The  flowering  process  and  the  maturing 
of  the  fruit  exhaust  the  vegetable  greatly  (in  a  manner  hereafter  to 
be  explained),  consuming  all  the  nouiishiug  material  which  it  con- 
tains, or  storing  it  up  in  the  fruit  or  seed  for  its  offspring ;  and  the 
exhausted  plant  perishes  at  the  close  of  the  season,  or  whenever  it 
has  fully  gone  to  seed. 

145.  Biennial  Roots  are  those  of  plants  which  do  hot  blossom  until 
the  second  season,  and  which  die  when  they  have  matured  their 
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seed.  Such  plants  send  op  no  lengthened  Etem  during  the  fin;( 
summer,  but  produce  a  lai^  tuft  of  leaves  next  the  ground,  and 
proceed  lo  elaborate  what  they  re- 
ceive trom  the  roots  and  from  the  air 
into  organic  or  nourishing  matter,  and 
store  it  up  in  the  root,  in  the  form  of 
starch,  vegetable  jelly,  and  the  like. 
The  root  enlarges,  or  becomes  jleshy, 
as  this  accumulates.  In  biennials  this 
accumulation  generally  takes  place  in 
the  primary'  or  main  root,  as  in  the 
Eadish,  Carrot,  Beet,  &c.  This,  when 
only  moderately  thickened  and  taper- 
ing downwards,  is"  a  common  tap-root : 
when  more  enlarged  and  broadest  at 
the  crown,  or  junction  with  the  ex- 
tremely abbreviated  stem,  it  forma  a 
conical  root,  like  that  of  the  common 
'"  Beet  and  Parsnip :  when  broadest  in 

the  middle  and  tapering  to  both  ends,  it  is  »pindle-shaped  or  fim- 
form,  as  in  the  Kadish  (Fig.  138) ;  when  much  broader  than  long, 
and  abruptly  contracted  below,  like  a  turnip,  it  is  napiform.  Such 
roots,  abounding  in  nourishment,  are  appropriated  by  man  for  food. 
The  plant  itself  uses  this  store  for  the  same  purpose.  When  the 
vegetation  of  these  biennials  is  resumed,  the  following  ^ring,  the 
new  shoots,  fed  by  this  abundant  stock  of  nourishment  provided  for 
them,  grow  with  great  vigor,  and  produce  flowers,  fruit,  and  seed 
almost  entirely  at  its  expense  ;  and  this  stock  being  exhausted  by  (he 
time  the  seeds  are  matured,  when  the  cells  of  the  great  root  will  be 
found  to  be  emptied  of  their  contents  and  dead,  the  plant  perishes. 

146.  Peitnniiil  Boots  are  those  of  plants  which  last  year  after  year. 
In  shrubs  and  trees  the  roots  themselves  live  and  grow  indefinitely; 
but  in  perennial  herbs  the  same  roots  seldom  survive  more  than  a 
year  or  two,  and  a  new  set  is  formed  annually.  Here,  also,  a  store 
of  nourishment  for  the  vigorous  eoramencement  of  the  succeeding 
year's  growth  is  not  unfrequenlly  deposited  in  the  root.  The  Sweet 
Potato,  the  Peony,  and  the  Dahlia  (Fig.  139),  furnish  good  illustra- 
tions of  the  kind.  These  roots  are  generally /asc!c/erf  or  clustered; 
that  isi  lliey  coiisist  of  a  cluster  of  roots  from  the  base  of  the  stem. 

'    no.  I3S.    FdiiRnrniMtof  tbalUdlib,  wlthKuiafoUiiga. 
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While  eome  of  tliese  remnin  Elender  and  serve  mereiy  for  Bbsorption, 

others,  thickened  by  this  deposit,  may  become  tuherom  (aa  in  Fig.    . 

139)  i  and  buds,  formed  on  the  stem 

just  above,  draw  upon  this  store  when 

they  start  into  growth  in  the  spring. 

These   particnlar  roots   perish  when 

exhausted  of  their   store ;    but  new 

accumulations   have  meanwhile  been 

formed  in  some  of  the  rools  of  the 

season,  which  serve  the  same  purpose 

the  following  spring ;  and  so  the  phuit 

survives,  year  after  year, 

147.  Some  less  ordinary  modifica- 
tions of  roots  remain  to  be  noticed. 
It  has  already  been  stated  that  they 
may  spring  (as  secondary  roots,  142) 
from  any  part  of  the  stem,  although 

they  commonly  do  so  only  when  this  '* 

rests  on  or  is  covered  by  the  soil,  which  affords  the  darkness  and 
mtHsture  congenial  to  them.  Some  stems,  however,  strike  root  freely 
in  the  open  air,  forming 

1 48.  lerial  Boots.  The  Ivy  of  Europe,  our  own  Poison  Ivy  (Rhus 
Toxioodendron),  and  the  Trumpet  Creeper  climb  by  such  root?,  in 
the  form  of  small  rootlets,  which  attach  themselves  to  the  bark  of 
trees,  &c  These  serve  merely  for  mechanical  support.  Other 
plants  produce  lai^r  aerial  roots,  which,  emitted  from  the  stem  in 
the  open  air,  descend  to  the  ground  and  establish  themselves  in  the 
soil.  This  may  be  observed,  on  a  small  scale,  in  the  stems  of  In-  " 
dian  Com,  where  th^  lower  joints  often  produce  roots  which  grow 
to  the  length  of  several  inches  before  they  reach  Ihe  ground.  More 
remarkable  cases  of  the  kind  abound  in  those  tropical  regions  where 
the  sultry  air,  saturated  with  moisture  for  a  large  part  of  the  year, 
favors  the  utmost  luxuriance  of  vegetation.  The  Pandanus  or 
Screw-Pine  (a  Palm-like  tree,  often  cultivated  in  our  conserva- 
tories) affords  a  well-known  instance.  Here  (Fig,  140)  strong  roots, 
emitted  in  the  open  air  from  the  lower  part  of  the  trunk,  and  soon 
reaching  the  soil,  give  the  tree  the  appearance  of  having  been  par- 
tially raised  out  of  the  ground.  The  famous  Banyan-tree  of  India 
(Fig.  142)  affords  a  still  more  striking  illustration.     In  this  the 
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aerial  rootlets  strike  from  the  horizontal  branches  of  the  tree,  often 
at  a  great  height,  at  first  swinging  free  in  the  wr,  but  finally  reach- 
ing and  establishing 
themselves  in  the 
ground,  where  they 
increase  in  diame- 
ter and  form  acces- 
sory tninks,  sur- 
rounding the  origi- 
nal boll  and  sup- 
porting the  wide- 
spread canopy  of 
branches  and  foU- 
age.  Very  eimilar 
is  the  economy  of 
the  Mai^roTe  (Fig. 
141),  whidi  forms 
impenetrable  thickr 
ets  oa  low  and  mud- 
dy sea-shores  in  the 
tropics,  and  even 
occurs  on  the  coast 
"•  '"  of  Florida  and  Lou- 

idaca.     Here  aerial  roots  spring  not  only  from  the  main  trunk,  as 
in  the  Fandanus,  but  also  from  the  braiicfalets,  as  in  the  Banyan. 
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Moreorer,  this  tendency  to  shoot  in  the  air  is  shown  even  in  (he 
embiyo,  which  beging  to  germinate  while  the  fruit  is  yet  attached  to 
tiie. parent  tR-andi,  often  elongating  its  radicle  to  the  length  of  a  foot 
or  more  before  the  fiiiit  falls  to  the  gronnd. 

149.  Bpiphjiei,  W  Ai^PlUtl,  exhibit  a  further  pecntiarily.  Their 
roots  not  only  strike  in  the  open  air,  bnt  tiiroughout  their  Ufe  have 
no  connection  with  the  soil.  These  generally  grow  upon  the  trunks 
and  temehes  of  trees;  their  roots  merely  adhering  to  the  bark  to 
fix  the  plant  in  its  position,  or  else  hanging  loose  in  the  air,  from 
which  Boch  plants  draw  all  their  nourishment.  Of  this  kind  are  a 
iar^  portion  of  the  gorgeous  Orchidaceous  plants  of  very  worm  and 
humid  climes,  whidi  are  so  much  prised  in  hot^HMues,  and  which, 
in  tb<dr  flowers  as  well  as  their  geoeral  aspect,  exhibit  such  fantastic 
and  infinitely  varied  fbims.     Srane  of  the  flowers  resemble  batter- 


flies,  or  strange  insects,  in  rhape  as  well  as  in  gatidy  Coloring ; 
nich,  for  example,  as  the  Onddium  Papilio  (Fig.  143).     To  another 


ihmily  of  Epiphytic  plants  belongs  ihe  Tillandsia,  or  Long  Moss, 
which,  pendent  in  long  and  gray  tangled  clustera  or  festoons  from 
the  branches  of  the  Live-Oak  or  Long-lesTed  Pine,  gives  sacti  a 
peculiar  and  sombre  aspect  to  the  forests  of  the  warmer  portions 
of  our  Southern  Slates.  They  are  called  Air-plants,  in  alluiiion  to 
the  source  of  their  nourishment ;  and  Epiphytes,  from  their  grow- 
ing upon  other  plants,  and  in  contradistinction  to 

luti-  Paruiltl.  that  not  only  grow  upon  other  vegetables,  but  live 
at  their  expense ;  which  Epiphytes  do  not.  Parofitic  pkmtt  may 
be  divided  into  two  sorts,  viz.:  —  1st,  those  that  have  green  foliage; 
and  2d,  those  that  are  destitute  of  green  foliage.  They  may  vary 
also  in  the  degree  of  parasitism  ;  some  being  absolutely  dependent 
upon  the  foster  plant  for  nourishment,  while  others,  SDch  as  the 
Cursed  Fig  (Clusia  rosea)  of  Tropical  America  often  take  root  in 
the  soil,  and  thence  derive  a  part  of  their  support.  The  latter  oc- 
curs only  in 

151.  Green  Paratitei,  or  those  furnished  with  green  foliage,  or 
proper  digestive  organs  of  their  own.     These   strike  their  roots 


through  the  tark  and  directly  into  the  new  wood  ,of  the  foster 
plant;  whence  they  draw  the  ascending,  mostly  crude  sap,  which 
they  have  to  assimilate  in 
their  own  greert  leaves. 
The  Mistletoe  is  the  most 
familiar  example  of  this 
class.  It  is  always  com- 
pletely parasitic,  being  at  no 
period  connected  with  the 
earth ;  but  the  seed  germinates  upon  the  trunk  or  branch  of  the 

wiCkU  utMeblDg  tbenuelTei  puidCtsallir 
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tree  where  it  happens  to  fall,  and  its  nascent  root,  or  rather  the 
woody  mass  that  it  produces  in  place  of  the  root,  penetrates  the 
bark  of  the  foster  stem,  and  forms  as  close  a  junction  with  its  young 
wood  as  that  of  a  natural  branch.  The  Cursed  Fig,  commonly  be- 
ginning as  a  parasite,  sends  down  aerial  roots,  Fome  of  which  strike 
into  the  wood  of  the  foster  tree  lower  down,  while  others  descend 
to  the  ground  and  draw  from  it  a  portion  of  their  sustenance  in  the 
ordinary  manner.  Some  common  herbaceous  plants,  hitherto  not 
suspected  of  such  habits,  have  recently  been  found  to  fix  themselves 
clandestinely,  under  ground,  by  means  of  some  of  their  rootlets,  to 
the  roots  of  neighboring  plants,  and  furtively  draw  from  them  a 
portion  of  their  sustenance.  This  is  the  case  with  our  Comandra, 
as  well  as  with  the  Thesiums  of  the  Old  World,  and  also  with  our 
Grerardias  and  many  other  plants  of  that  family,  which  have  long 
been  known  as  uncultivable,  although  the  cause  of  their  being  so 
has  only  lately  been  detected.  It  would  appear  that  this  partial 
parasitism  is  necessary  to  tlieir  existence.  Grerardia  appears  to  im- 
plant its  rootlets  upon  the  bark  of  the  ixx)ts  of  neighboring  shrubs, 
and  therefore  to  steal  elaborated  sap  (Fig.  145,  146). 

152.  Pale  or  Colored  Parasites,  such  as  Beech-Drops,  Pine-Sap, 
&c.,  are  those  which  are  destitute  of 
green  herbage,  and  are  usually  of  a 
white,  tawny,  or  reddish  hue ;  in  fact, 
of  any  color  except  green.  These 
strike  their  roots,  or  sucker-shaped 
discs,  into  the  bark,  mostly  that  of 
the  root,  of  other  plants,  and  thence 
draw  their  food  from  the  sap  already 
elaborated.  They  have  accordingly 
no  occasion  for  digestive  organs  of 
their  own,  i.  e.  for  green  foliage. 
The  Dodder  (Fig.  147)  is  a  common 
plant  of  this  kind  which  is  parasitic 
above  ground.  Its  seeds  germinate 
in  the  earth ;  but  when  the  slender 
twining  stem  reaches  the  surrounding 

FIG.  147.  The  common  Dodder  of  the  Northern  States  (Cuscuta  OronoTii),  of  the  natural 
iize,  paraaitio  upon  the  stem  of  an  herb :  the  uncoiled  portion  at  the  lower  end  shows  the 
mode  of  its  attachment.  148.  The  coiled  embryo  taken  from  the  seed,  moderately  ma<rn)fied. 
149.  The  same  in  germination  ;  the  lower  end  elongathag  Into  a  root,  the  upper  into  a  thread- 
like leafless  stem.  ' 

8* 


herbage,  it  forms  euckcrs,  which  attach  themaelves  ftrmlj  to  the 
sutface  of  the  supporting  plant,  penetrate  its  epidermin,  and  f^ed 
upon  its  juices  ;  while  the  original  root  and  base  of  the  stem  perish, 
and  the  plant  has  no  longer  any  connection  with  the  mil.  Thus 
stealing  its  nourishment  readj  prepared,  it  requires  no  proper  diges- 
tive organs  of  its  own,  and,  consequently,  does  not  produce  leaves. 
This  economy  is  foreshadowed  in  the  embryo  of  the  Dodder,  which 
is  a  naked  thread  spirally  coiled  in  the  seed  (Fig,  148,  149),  and 
presenting  no  vestige  of  cotyledons  or  seed-leaves.  A  species  of  Dod- 
der infests  and  greatly  iiijares  flax  in  Europe,  and  sometinies  makes 
its  appearance  in  our  own  flax-fields,  having  been  introduced  with 
the  imported  seed.  Such  parasites  do  not  live  upon  all  plants  in- 
discriminately, but  only  upon  those  who^  elaborate  juicea  furnish  a 
propitious  nourishment.  Some  of  them  are  restricted,  or  nearly  so, 
to  a  particular  species ;  others  show  little  preference,  or  are  found 
indifferently  upon  several  species  of  different  families.  Their  seeds, 
in  some  cases,  it  is  said,  will  germinate  only  when  in  contact  with 
the  stem  or  root  of  the  species  upon  wliich  they  are  destined  to  live. 
Having  no  need  of  herbage,  such  plants  may  be  reduced  to  a  stalk 
bearing  a  single  flower  (Fig.  965)  or  a  cluster  of  flowers  (Fig.  968), 
or  even  to  a  single  blossom  developed  from  a  bud  directly  parasitic 
on  the  bark  of  the  foster  plant.  Of  this  kind  are  the  several  species 
of  Pilostyles  (parasitic  flowers  on  the  shoots  of  Leguminous  plants) 
in  Tropical  America,  one  species  of  which  was  recently  discovered 
by  Mr.  Thurber  near  the  sonthem  borders  of  New  Mexico.  Here 
the  flowers  are  small,  only  about  a  quarter  of  an  inch  in  diameter. 
The  most  wonderful  plant  of  this  kind  is  that  vegetable  Titan,  the 
Bafliesia  Amoldi  of  Sumatra  (Fig.  150),  which  grows  upon  the 
stem  of  a  kind  of  Grape-vine.     It  is  a  parasitic  flower,  measuring 
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« 
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nine  feet  in  circamference,  and  weighing  fifteen  pounds !    Its  co1<m: 
is  light  orange,  mottled  with  yellowishowhite. 

153.  Anumg  Cryptogamous  plants^  numerous  Fungi  are  parasitic 
upon  living,  especially  upon  languishing  vegetables;  others  infest 
living  animals;  the  rest  feed  on  dead  or  decaying  vegetable  or 
animal  matters:  all  are  destitute  of  dblorophyll  or  anything  like 
green  herbage.  It  is  probable  that  our  Monotropa,  or  Indian  Pipe, 
a  pallid  Phienogamous  plant,  looking  like  a  Fungus,  actually  lives 
like  (me,  and  draws  its  nourishment,  at  least  in  great  party  from  the 
decaying  leaves  among  whicli  it  grows« 


CHAPTER    IV. 

OF  TBE  STEM,  OB  ASCENDINO  AXIS. 

Sect.  I.    Its  Gehkral  Charactkribtics  ahd  Mode  of  Growth. 

154.  The  Stem  is  the  ascending  a^is,  or  that  porticm  of  the  trunk 
which  in  the  embryo  grows  in  an  opposite  directicm  from  the  root, 
seeking  the  light,  and  exposing  itself  as  much  as  possible  to  the  air. 
All  Phaenogamous  plants  (114)  possess  stems.  In  those  which  are 
said  to  be  acatdescenty  or  stemksSy  it  is  either  very  short,  or  concealed 
beneath  the  ground.  Although  the  stem  always  takes  an  ascending 
direction  at  the  commencement  of  its  growth,  it  does  not  uniformly 
retain  it ;  but  sometimes  trails  along  the  surface  of  the  ground,  or 
burrows  beneath  it,  sending  up  branches,  flower-stalks,  or  leaves 
mto  the  air.  The  common  idea,  that  all  the  subterranean  portion 
of  a  plant  belongs  to  the  root,  is  by  no  means  correct 

155.  The  root  gives  birth  to  no  other  organs,  but  itself  directly 
performs  those  functions  which  pertain  to  the  relations  of  the  veger 
table  with  the  soil ;  —  its  branches  bind  the  plant  to  the  earth ;  its 
newly  formed  extremities  or  rootlets  imbibe  nourishment  £rom  it. 
But  the  aerial  functions  of  vegetation  are  chiefly  carried  on,  not  so 
much  by  the  stem  itself  as  by  a  distinct  set  of  organs  which  it  bears, 
namely,  the  leaves.     Hence,  the  production  of  leaves  ia  one  of  the 
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characteristics  of  the  stem.     These  are  produced  only  at  certain 
definite  and  symmetrically  arranged  points,  called 

156.  Nodes,  literally  knots^  so  named  because  the  tissues  are  here 
more  or  less  condensed,  interlaced,  or  interrupted,  aa  is  conspicuous- 
ly seen  in  the  Bamboo,  in  a  stalk  of  Indian  Com,  or  of  any  other 
Grass.  Here  each  node  forms  a  complete  ring,  because  the  leaf 
arises  from  the  whole  circumference  of  the  stem  at  that  place. 
When  the  base  of  the  leaf  or  leafstalk  occupies  only  a  part  of  the 
circumference,  the  nodes  are  not  so  distinctly  marked,  except  by 
the  leaves  they  bear,  or  by  the  scars  left  by  their  fall  (Fig.  151,  &c.) 
They  are  often  called  joints,  and  sometimes,  indeed,  the  stem  is 
actually  jointed,  or  articulated,  at  these  points  ;  but  commonly  there 
is  no  tendency  to  separate  there.  Each  node  bears  either  a  single 
leaf  (as  in  Fig.  Ill,  121,  &c.),  or  two  leaves  placed  on  opposite 
sides  of  the  stem  (as  in  Fig.  107),  or  else  three  or  more,  placed  in 
a  ring  (in  botanical  language,  a  whorl  or  verticil)  around  the  stem. 
The  naked  portions  or  spaces  that  intervene  between  the  nodes  are 
termed 

157.  Illternodes.  The  undeveloped  stem  is,  in  factj  made  up  of  a 
certain  number  of  these  leaf-bearing  points,  separated  by  short  in- 
tervals ;  and  its  growth  consists,  primarily,  in  the  successive  elonga- 
tion of  these  internodes  so  as  to  separate  the  nodes  more  or  less,  and 
allow  the  leaves  to  expand. 

158.  This  brings  to  view  the  leading  peculiarity  of  the  stem; 
namely,  that  it  is  formed  of  a  succession  of  similar^  parts,  developed 
one  upon  the  summit  of  another,  each  with  its  own  independent 
gi'owth.  Each  developing  intemode,  moreover,  lengthens  through- 
out its  whole  body,  unlike  the  root,  which  elongates  continuously 
from  its  extremity  alone  (121).  To  have  a  good  idea  of  this,  we' 
have  only  to  observe  the  gradual  evolution  of  a  germinating  plant, 
where  each  intemode  develops  nearly  to  its  full  length,  and  ex- 
pands the  leaf  or  pair  of  leaves  it  bears,  before  the  elongation  of 
the  succeeding  one  commences.  As  already  described  (120,  &c.),» 
the  radicle,  or  intemode  which  pre-exists  in  the  embryo,  elongates, 
and  raises  the  seed-leaves  into  the  air ;  they  expand  and  elaborate 
the  material  for  the  next  joint,  the  leaves  of  which  in  turn  prepare 
the  material  for  the  third,  and  so  on.  The  intemode  lengthens 
principally  by  the  elongation  of  its  already  formed  cells,  particularly 
in  its  lower  part,  which  continues  to  gi'ow  after  the  upper  portion 
has  finished. 
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lad.  BadSi  The  apex  of  the  Btem,  accordingly,  is  always  crowned 
with  an  nndeveloped  portion,  with  rudimentary  parte  similar  lo 
those  already  unfolded,  that  is,  with,  a  Bud.  The  embryo  itself 
may  be  viewed  as  an  intemode  (the  radicle)  bearing  the  fundamental 
bud  {(he  plumule)  on  its  apex,  from  which  tlie  whole  plant  is  de- 
veloped, just  as  an  ordinary  bud  of  a  tree  or  shrub  develops  to 
form  the  growth  of  the  season.  Except  that,  in  the  latter  case,  the 
different  steps  follow  each  other  more  closely ;  for  the  bud  usually 
has  a  considerable  number  of  parts  ready  formed  in  miniature  before 
it  begins  to  grow,  and  has  a  full  store  of  assimilated  sap  accumulated 
in  the  parent  stem  to  feed  upon.  This  is  no  less  the  case  in  many 
strong  embryos  highly  developed  in  the  seed,  and  supplied  with 
abundant  nourishment,  either  in 
the  cotyledons,  as  in  the  Pea 
(Fig.  119)  and  Oak  (Fig.  120), 
or  in  the  albumen,  as  in  Indian 
Com  (Fig.  126-130).  The 
strong  buds  which  in  many 
shrubs  and  trees  crown  the 
apex  of  a  stem  when  it  has  ' 
completed  its  growth  for  the  i 
season,  often  exhibit  the  whole 
plan  and  amount  of  the  next 
year's  growth ;  the  nodes,  and 
even  the  leaves  they  bear,  being 
already  formed,  and  only  re- 
quiring the  elongation  of  the 
intemodes  for  their  full  ex- 
pansion. This  is  rudely  shown 
in  the  annexed  diagrams,  Fig, 
151,  152.  As  the  bud  (Fig.  " 
153)  is  well  supplied  with 
nourishment  in  spring  by  the 
stem  mi  which  it  rests,  iU  axis  eloi^es  rapidly ;  and  although  the 
growth  commences  with  the  fewest  internode,  yet  the  second,  third. 
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Mid  foarth  intemodes,  Ac  have  begun  to  lengthen  long  before  the 
first  has  attained  its  full  growth.     The  stem  thus  crnitiaued  from 
a  Urmitud  bud  is,  if  it  Burvive,  again  tenninaled  with  a  similar  bud 
IN  ]»       at  the  close  (^  the  aeaaon,  whidi  in  ita 

development  repeats  the  same  process. 
A  set  of  narrow  rings  on  the  bark 
(Fig.  153,  a)  commonly  ntark  the  limit 
of  each  j'ear's  growth.  These  are  the 
scars  left  by  the  &11  of  the  scales  of 
the  bud ;  and  these,  in  the  Horsechest- 
nut,  and  other  trees  with  large  scaly 
buds,  may  be  traced  back  on  the  stem 
for  a  series  of  years,  growing  feinter 
with  age,  nntil  tbey  are  at  length  ob- 
literated by  the  action  of  the  weather 
and  the  distention  caused  by  the  in- 
crease of  the  stem  in  diameter.  The 
same  is  the  case  with  the  more  con- 
spicuous leaf-tcart,  or  marks  on  the 
bark  left  by  the  separation  of  the  leaf- 
stalk, which  are  for  a  long  time  ccm- 
gpicuoua  on  the  shoots  of  the  Horse- 
chestnut  (Fig.  153,  h)  and  the  Mag- 
nolia (Fig.  156). 

IGO.  A  bud,  therefore,  is  nothing 
more  than  the  first  stage  in  the  de- 
velopment of  a  stem,  with  the  axis  stiU 
BO  short  that  the  rudimentary  leaves 
within  successively  cover  each  other, 
while  the  whole  is  covered  and  pro- 
tected by  the  scales  without.  Buds 
vary  greatly,  however,  in  size,  ap- 
pearance, and  degree  of  developmenL 
Those  of  many  shrubs  and  trees  are 
minut«,  and  hidden  by  the  bark  until 
their  vernal  growth  commences,  as  in 

no.  ]».  Bniwh  <ir  MifiiaU*  UmlinU^  oT  lb*  nUonl  Ak,  gnwiwd  irith  Uh  tndsd 
bod ;  vod  favlow  exhJMtinf  th«  largv,  rDondad  lamt-aomxt,  u  mU  u  Uu  liugi  or  uualar  kui 
Itft  b;  th«  bll  or  Um  bad-K>lH  of  th*  pnTlotu  HuaB.  158.  A  Mtebti  aala  Itom  •  rimlkr 
bod;  It! UifekHHd uli If  Um  liua of  ■  iHlMdk ;  tb* mtmbnuHU ibUs oondM tf  Itw p^ of 
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Sumac,  Locust,  Honey-Locust  (Fig.  164),  &c:  in  these  buds  the 
parts  are  few  and  rery  rudimentary,  and  are  mostly  formed 
as  they  develop.  In  some,  they  are  naked,  that  is,  are  entirely 
destitute  of  protecting  scales,  and  exhibit  the  forming  leaves  directly 
exposed  to  the  air,  just  as  they  are  in  herbs.  This  occurs  in  many 
tropical  trees,  but  not  in  all,  and  in  some  shrubs  of  cold  climates, 
such  as  our  Viburnum  nudum  and  Y.  lantanoides.  But  the  greater 
number  of  plants  which  have  a  winter  to  endure  are  provided  with 
scfdy  buds.  Those  of  Beech  and  Hickory,  as  well  as  of  Horsechest- 
nut  and  Magnolia  already  referred  to,  are  conspicuous  and  well- 
developed  examples.  The  scales  serve  to  protect  the  tender  parts 
within  against  injury  from  moisture  and  from  sudden  changes  in 
temperature  during  the  dormant  state.  To  ward  off  moisture  more 
effectually,  they  are  sometimes  coated  with  a  waxy,  resinous,  or 
balsamic  exudation,  as  is  conspicuous  on  the  scales  of  the  Horse- 
chestnut,  Balsam-Poplar  or  Balm  of  Gilead,  and  Balsam-Fir.  To 
guard  against  sudden  changes  of  temperature,  they  are  of^en  lined, 
or  the  rudimentary  leaves  within  invested  iidth  non-conducting 
down  or  wool. 

161.  The  bud'Sccdes  themselves  are  leaves  in  a  modified  state. 
This  is  evident  from  their  situation  and  arrangement,  which  are 
the  same  as  of  the  proper  leaves  of  the  species,  and  by  the  gradual 
transitions  from  the  former  to  the  latter  in  many  plants.  In  the 
turionSy  or  subterranean  budding  shoots  of  numerous  perennial 
herbs,  and  in  the  unfolding  buds  of  the  Lilac  and  Sweet  Buckeye 
(jEscuIus  parviflora),  every  gradation  may  be  traced  between  bud- 
scales  and  foliage,  showing  that  no  absolute  line  can  be  drawn  be- 
tween them,  but  that  the  two  are  essentially  of  the  same  nature,  i.  e. 
are  different  modifications  of  the  same  organ. 

162.  Plan  of  Tegftation.  In  fact,  a  simple  stem  bears  nothing  but 
leaves  in  some  form  or  other,  and  its  branches  are  only  repetitions 
of  itself,  following  the  same  laws.  The  embryo  consists  of  a  pri- 
mary joint  of  stem  crowned  with  a  bud,  the  first  leaves  or  leaf  of 
which  takes  the  special  form  of  cotyledons  ;  the  following  ones  de- 
velop as  ordinary  foliage,  and  leaf  after  leaf,  or  pair  after  pair,  is 
formed  and  elevated  upon  the  successive  intemodes  as  the  stem  is 
built  up.  At  the  close  of  the  growing  season,  if  the  stem  is  to 
endure,  this  is  terminated,  as  it  began,  by  a  bud ;  and  the  bud-scales, 
if  any,  are  leaves  developed  in  this  peculiar  form,  subservient  to 
protection  alone,  and  borne  upon  nodes  which  are  never  separated 
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by  elongation  of  the  intemodes.  With  the  ensuing  spring  growth 
recommences,  and  another  set  of  intemodes,  and  of  nodes  bearing 
ordinary  leaves,  form  the  second  yeai''s  growth,  like  the  fii*st ;  and 
so,  by  annual  increments,  a  simple  leafy  stem  is  developed  and 
carried  up.  Not  only  is  the  whole  stem  growing  from  year  to  year 
thus  composed  of  a  succession  of  similar  growths,  each  the  offspring 

of  the  preceding  and  the  parent  of  the  next, 
but  also  each  annual  gi*owth  itself  consists  of  a 
lineal  succession  of  similar  parts,  viz.  of  leaf- 
bearing  joints  of  stem,  developed  each  upon  its 
predecessor,  and  in  turn  surmounted  by  the 
next  in  the  series.  These  similar  parts,  which 
by  their  repetition  make  up  the  Phsenogamous 
plant,  have  been  termed 

163.  PbytODS  (from  the  Greek  <fmr6v,  plant), 
or  plant-elements.  The  first  phyton  is  the 
radicle  of  the  embryo,  with  its  cotyledon  or 
pair  of  cotyledons,  from  its  base  developing  the 
root,  from  above  expanding  its  leaf  or  piiir  of 
leaves  (as  already  described  in  detail,  119  — 
122),  and  then  giving  birth  to  the  next  phyton, 
or  joint  of  stem  and  leaf,  and  so  on,  in  lineal 
succession.  So  that  the  whole  herb,  shrub,  or 
tree,  as  to  its  upward  growth,  is  a  multiplica- 
tion of  the  simple  plantlet  it  began  w^ith  as  it 
developed  from  the  seed.  Moreover,  any  joint 
of  stem,  when  favorably  situated  for  the  pur- 
pose, may  produce  secondaiy  roots  (142),  and 
thus  complete  the  vegetable  individuality,  hav- 
ing all  the  organs  of  vegetation  (116). 

1 64.  The  repetition  of  these  similar  parts  in 
'*^  the  direct  line,  each  from  the  summit  of  its  pre- 
decessor, builds  up  a  simple  or  main  stem,  to  which  many  plants  are 
restricted  during  the  first  yearns  growth,  and  some,  such  as  Palms 
and  Reeds,  throughout  their  whole  existence.  Their  production 
from  new  starting-points  gives  rise  to  branches. 

FIG.  157.    Diagram  of  a  simple-stemmed  plant,  like  a  Grass,  and  of  the  similar  parts,  or 
phy  tons,  a  to  g^,  of  which  it  is  composed. 
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Sect.  IL    Ramification. 

165.  Branches  spring  from  lettered  or  axiUary  buds.  These  are 
new  growing  points,  which  habitually  appear,  or  at  least  may  ap- 
pear, one  (or  occasionally  two  or  ^hree)  in  the  axil  of  each  leaf,  — 
that  is,  in  the  upper  angle  which  the  leaf  forms  with  the  stem.  (See 
Fig.  153,  c,  where  the  point  at  which  the  fallen  leaves  were  attached 
is  marked  by  the  broad  scar,  b,  just  below  the  bud.)  When  these 
buds  grow,  they  give  rise  to  Branches  ;  which  are  repetitions,  as  it 
were,  of  the  main  stem,  growing  just  as  that  did  from  the  seed ;  ex- 
cepting merely,  that,  while  that  was  implanted  in  the  ground,  these 
proceed  from  the  parent  stem.  The  branches  are  in  turn  provided 
with  similar  buds  in  the  axils  of  their  leaves,  capable  of  developing 
into  branches  of  a  third  order,  and  so  on  indefinitely,  producing  the 
whole  ramification  of  the  plant  The  ultimate  ramifications  are 
termed  Branchlets. 

166.  The  arrangement  of  axillary  buds  depends  upon  that  of  the 
leaves.  When  the  leaves  are  opposite  (that  is,  two  on  each  node, 
placed  on  opposite  sides  of  the  stem),  the  buds  in  their  axils  are 
consequently  opposite ;  as  in  the  Maple,  Horsechestnut  (Fig.  153), 
Lilac  (Fig.  154),  &c.  When  the  leaves  are  (zltemate,  or  one  upon 
each  node,  as  in  the  Apple,  Poplar,  Oak,  Magnolia  (Fig.  155),  &c., 
the  buds  implicitly  follow  the  same  arrangement  Branches,  there- 
fore, being  developed  axillary  buds,  their  arrangement  follows  that 
of  the  leaves.  When  the  leaves  are  alternate,  the  branches  will  be 
alternate ;  when  the  leaves  are  opposite,  and  the  huds  develop  regu- 
larly^ the  branches  will  be  opposite.  But  the  perfect  symmetry  of 
the  ramification,  thus  provided  for,  is  frequently  obscured  by  the 

167.  Noa-developmettt  of  some  of  the  Buds*    As  the  original  bud  of 

the  embryo  remains  for  a  time  latent  in  the  seed,  growing  only 
when  a  conjunction  of  favorable  circumstances  calls  its  life  into 
action,  so  also  many  of  the  buds  of  a  shrub  or  tree  may  remain 
latent  for  a  long  time,  and  many  of  them  fail  to  grow  at  all.  In  our 
trees,  most  of  the  lateral  buds  generally  remain  dormant  for  the  first 
season :  they  appear  in  the  axils  of  the  leaves  early  in  summer,  but 
do  not  grow  into  branches  until  the  following  spring ;  and  even  then 
only  a  part  of  them  usually  grow.  Sometimes  the  failure  occurs 
without  appreciable  order;  but  it  oflen  follows  a  nearly  uniform 
rule  in  each  species.     Thus,  when  tlie  leaves  are  opposite,  there  are 
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usually  three  buds  at  the  apex  of  a  branch ;  namely,  the  terminal, 
and  one  in  the  axil  of  each  leaf;  but  it  seldom  happens  that  all 
three  develop  at  the  same  time.  Sometimes  the  terminal  bud  con- 
tinues the  branch,  the  two  lateral  generally  remaining  latent,  as  in 
the  Horsechestnut  (Fig,^53) ;  sometimes  the  terminal  one  regu- 
larly fails,  and  the  lateral  ones  grow,  when  the  stem  annually  be- 
comes two-forked,  as  in  the  Lilac  (Fig.  154).  The  undeveloped 
buds  do  not  necessarily  perish,  but  are  ready  to  be  called  into  action 
in  case  the  others  are  checked.  When  the  terminal  buds  are 
destroyed,  some  of  the  lateral,  that  would  else  remain  dormant, 
develop  in  their  stead,  incited  by  the  abundance  of  nourishment, 
which  the  former  would  have  monopolized.  In  this  manner  our 
trees  are  soon  reclothed  with  verdure,  after  their  tender  foliage  and 
branches  have  been  killed  by  a  late  vernal  frost,  or  other  injury. 
And  buds  which  have  remained  latent  for  several  years  occasionally 
shoot  forth  into  branches  irom  the  sides  of  old  stems.  Such  branch- 
es, however,  more  commonly  originate  from  irregular,  accidental,  or, 
as  they  are  named 

168.  Adyentitions  Bnds«  It  has  been  already  remarked,  that  roots, 
although  naturally  destitute  of  buds,  do  yet  produce  them  in  certain 
plants,  especially  when  wounded  (139),  So  likewise  do  the  stems 
of  some  shrubs  and  trees,  especially  when  surcharged  with  sap,  as 
is  commonly  seen  in  Willows  and  Ix)mbardy  Poplars,  Here  buds 
break  out  habitually  on  the  sides  of  trunks,  at  least  when  they  are 
wounded  or  pollarded^  or  spring  from  the  cut  surface  where  the  bark 
and  wood  join.  These  adventitious  buds  do  not  originate  from 
nodes,  nor  affect  any  order  in  their  appearance,  but  are  wholly 
casual  as  to  the  point  of  origin.  Thus  the  predestined  symmetry  of 
the  branches  is  obscured  or  interfered  with  in  two  distinct  ways; 
first,  by  the  feilure  of  a  part  of  the  regular  buds  to  develop ;  and 
secondly,  by  the  irregular  and  casual  development  of  buds  from 
other  parts  than  the  axils  of  the  leaves :  to  which  we  may  add,  that 
great  numbers  of  branches  perish  and  fall  away  after  they  have  be- 
gun to  grow.  There  is  still  another  source  of  irregularity,  namely, 
the  production  of 

169.  Accessory  Bads.  These  are,  as  it  were,  mtdtipliccUions  of  the 
regular  axillary  bud,  giving  rise  to  two,  three,  or  moi-e  buds,  instead 
of  one;  in  some  cases  situated  one  above  another,  in  others  side  by 
side.  In  the  latter  case,  which  occurs  occasionally  in  the  Hawthorn, 
in  certain  Willows,  in  the  Maples  (Fig.  158),  4&;c>  the  axilkry  bud 


•^ 


RAMIFICATION. 


99 


seems  to  divide  into  three,  or  itself  give  rise  to  a  lateinl  bud  on 
each  side.  On  some  shoots  of  the  Tartarean  Honeysuckle  (Fig. 
160)  from  three  to  six  buds  appear  in 
each  axil,  one  above  another,  the  lower 
being  successively  the  stronger  and  earlier 
produced,  and  the  one  immediately  in  the 
axil,  therefore,  grows  in  preference:  oc- 
casionally two  or  more  of  them  grow,  and 
superposed  accessory  branches  result.     It 

is  much  the  same  in  Aristo!ochia  Sipho^    IJ^f  n)  kIjI 

except  that  the  uppermost  bud  is  there 
strongest.  So  it  is  in  the  Butternut  (Fig. 
159),  where  the  true  axillary  bud  is  mi- 
nute and  usually  remains  latent,  while  the 
accessory  ones  are  considerably  remote, 
and  the  uppermost,  which  is  much  the 
strongest,  is  far  out  of  the  axil;  this 
usually  develops,  and  gives  rise  to  an 
extra-axiUary  branch. 

170.  Exeurrent  and  Deliqueseent  Stems. 

Sometimes  the  primary  axis  is  prolonged 
without  interruption,  by  the  continued 
evolution  of  a  terminal  bud,  even  through 
the  whole  life  of  a  tree  (unless  acciden- 
tally destroyed),  forming  an  undivided  *"  *" 
main  trunk,  from  which  lateral  branches  proceed ;  as  in  most  Fir- 
trees.     Such  a  trunk  is  said  to  be  exeurrent.     In  other  cases  the 

main  stem  is  arrested,  sooner  or 
later,  either  by  flowering,  by  the 
failure  of  the  terminal  bud,  or  by 
the  more  vigorous  development 
of  some  of  the  lateral  buds ;  and 
thus  the  trunk  is  dissolved  into 
branches,  or  is  deliquescent,  as  in 
the  White  Elm  and  in  most  of 
our  deciduous-leaved  trees.     The  first  naturally  gives  rise  to  conical 

FIO.  158.    Branch  of  Red  Maple,  with  triple  axillary  buds,  placed  side  by  side.  * 

FTO.  159     Piece  of  a  branch  of  the  Butternut,  with  accessory  buds  placed  one  aboTe 

another :  a,  the  leaf-scar :  by  proper  axillary  bud :  e,  d,  accessory  bud«. 
FIQ    160.    Part  of  a  branch  of  Tartarean  Honeysuckle,  with  crowded  accessory  buds  ip 

each  axil 
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or  spire-shaped  trees;  the  second,  to  rounded  or  spreading  forms. 
As  stems  extend  upward  and  evolve  new  branches,  those  near  the 
base,  being  overshadowed,  are  apt  to  perish,  and  thus  the  trunk  be- 
comes naked  below.  This  is  well  seen  in  the  excurrent  trunks  of 
Firs  and  Pines,  which,  when  grown  in  forest,  seem  to  have  been 
branchless  for  a  gi'eat  height.  But  the  knots  in  the  centre  of  the 
trunk  are  the  bares  of  branches,  which  have  long  since  perished, 
and  have  been  covered  with  a  great  number  of  annual  layers  of 
wood,  forming  the  char  stuff  of  the  trunk. 

171.  Definitf  and  Indefinitf  Aanaal  6rowt!i  of  Branehes.     In  the 

larger  number  of  our  trees  and  shrubs,  especially  those  with  scaly 
buds,  the  whole  year's  growth  is  either  already  laid  down  rudi- 
mentally  in  the  bud  (159),  or  else  is  early  formed,  and  the  develop- 
ment is  completed  long  before  the  end  of  summer ;  when  the  shoot  is 
crowned  with  a  vigorous  terminal  bud,  as  in  the  Horsechestnut  (Fig. 
153)  and  Magnolia  (Fig.  155),  or  with  the  uppermost  axillary  buds, 
as  in  the  Lilac  (Fig.  154)  and  Elm.  Such  definite  shoots  do  not 
die  down  at  all  the  following  wintei*,  but  grow  on  directly,  the  next 
spring,  from  these  terminal  or  upper  buds,  which  are  generally  more 
vigorous  than  those  lower  down.  In  other  cases,  on  the  contrary, 
the  branches  grow  onward  indefinitely  through  the  whole  summer, 
or  until  arrested  by  the  cold  of  autumn :  they  mature  no  buds  at  or 
near  their  summit ;  or  at  least  the  lower  and  older  axillary  buds 
are  more  vigorous,  and  alone  develop  into  branches  the  next  spring ; 
the  later-formed  upper  portion  most  commonly  perishing  from  the 
apex  downward  for  a  certain  length  in  the  winter.  The  Rose  and 
Raspberry,  and  among  trees  the  Sumac  and  Honey  Locust,  are 
good  illustrations  of  this  sort ;  and  so  are  most  perennial  herbs, 
their  stems  dying  down  to  or  beneath  the  surface  of  the  ground, 
where  the  persistent  base  is  charged  with  vigorous  buds,  well  pro- 
tected by  the  ground,  for  the  next  year's  vegetation. 

172.  Propagation  from  Buds.  Buds,  being,  as  it  were,  new  indi- 
viduals springing  from  the  original  stem,  may  be  removed  and 
attached  to  other  parts  of  the  parent  trunk,  or  to  that  of  another 
individual  of  the  same,  or  even  of  a  different,  but  nearly  related 
species,  where  they  will  grow  equally  well.  This  is  directly  accom- 
plished in  the  operation  of  budding.  In  ingrafting,  the  bud  is 
transferred,  along  with  a  portion  of  the  shoot  on  which  it  grew. 
Moreover,  as  the  cut  end  of  such  shoots,  when  buried  in  moitt  and 
warm  iio'.l,  will  commonly,  under  due  care,  send  out  adventitious 
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roots,  they  may  be  made  to  grow  independently,  drawing  their 
nourishment  immediately  from  the  soil,  instead  of  indirectly  through 
the  parent  trunk.  This  is  done  in  the  propagation  of  plants  by 
cuttings.  The  great  importance  of  these  horticultural  operations 
depends  cliiefly  on  the  well-known  fact,  that  buds  propagate  incU" 
vidual  pectdiarities,  which  are  commonly  lost  in  raising  plants  from 
the  seed. 


Sect.  III.    The  Kinds  of  Stem  and  Branches. 

173.  On  the  size  and  duration  of  the  stem  the  oldest  and  most 
obvious  division  of  plants  is  founded,  namely,  into  Herbs,  Shrubs, 
and  Trees. 

174.  Herbs  are  plants  in  which  the  stem  does  not  become  woody 
and  persistent,  but  dies  annually  or  after  flowering,  down  to  the 
ground  at  least.  The  difference  between  anntial,  hienmal,  and 
perennial  herbs  has  already  been  pointed  out  (144-146).  The 
same  species  is  so  often  either  annual  or  biennial,  according  to  cir- 
cumstances or  the  mode  of  management,  that  it  is  convenient  to 
have  a  common  name  for  plants  that  flower  and  fruit  but  once,  at 
whatever  period,  and  then  perish:  such  De  Candolle  accordingly 
designated  as  Monocarpic  plants;  while  to  perennials,  whether 
herbaceous  or  woody,  large  or  small,  he  applied  the  counterpart 
name  of  Poltcarpic  plants,  signifying  that  they  bear  fruit  an 
indefinite  number  of  times. 

175.  Ilndershrnbs,  or  suffruticose  plants,  are  woody  plants  of  hum- 
ble stature,  their  stems  rising  little  above  the  surface.  If  less 
decidedly  woody,  they  are  termed  suffnUescent, 

176.  Shrnbs  are  woody  plants,  with  stems  branched  from  or  near 
the  ground,  and  less  than  five  times  the  height  of  a  man.  Between 
shrubs  and  trees  there  is  every  intermediate  gradation.  A  shrub 
which  approaches  a  tree  in  size,  or  imitates  it  in  aspect,  is  said  to 
be  arborescent 

177.  Trees  are  woody  plants  with  single  trunks,  which  attain  at 
least  five  times  the  human  stature. 

178.  A  Culm  is  a  name  applied  to  the  peculiar  jointed  stem  of 
Grasses  and  Sedges,  whether  herbaceous,  as  in  most  Grasses,  or 
woody  or  arborescent,  as  in  the  Bamboo. 

179.  A  Candex  is  a  name  usually  applied  to  a  Palm-stem  (Fig. 

9* 
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184),  to  that  of  a  Tree  Fem  (Fig.   100),  and  to  any  persistent, 
erect  or  ascending,  root-like  forms  of  main  stems. 

180.  Those  stems  which  are  too  weak  to  stand  upright,  but  re- 
chne  on  the  ground,  rising,  however,  towards  the  extremity,  are 
("aid  to  be  decumbent:  if  they  rise  obliquely  from  near  the  base, 
they  are  said  to  be  ascending.  When  they  trail  flat  on  the  ground, 
they  are  proctimbenU  prostrate,  or  running ;  and  when  such  stems 
strike  root  from  their  lower  surface,  as  they  are  apt  to  do,  they  are 
said  to  be  creeping,  or  repent.  They  are  climbing  when  they  cling 
to  neighboring  objects  for  support;  whether  by  tendrils,  as  the 
Vine  and  Passion-flower,  by  their  leafstalks,  as  the  Virgin's  Bower 
(Clematis),  or  by  aerial  rootlets,  as  the  Poison  Oak  (Rhus) ;  and 
twining y  or  voluble  plants,  when  they  rise,  like  the  Convolvulus,  by 
coiling  spirally  around  stems  or  other  bodies  within  their  reach. 
Other  modiflcations  of  the  stem  or  branches  have  received  particu- 
lar names,  some  of  which  merit  notice  from  having  undoubtedly  sug- 
gested several  operations  by  which  tha  cultivator  multiplies  plants. 

181.  1  Stolon  is  a  branch  which  naturally  cur\'es  or  falls  down  to 
the  ground,  where,  favored  by  shade  and  moisture,  it  strikes  root, 
and  then  forms  an  ascending  stem,  capable  of  drawing  its  nourish- 

.  ment  directly  from  the  soil,  and,  by  the  perishing  of  the  portion 
which  connects  it  with  the  parent  stem,  at  length  acquiring  an 
entirely  separate  existence.  The  Currant,  Gooseberry,  &c.,  multi- 
ply in  this  way,  and  doubtless  suggested  to  the  gardener  the  opera- 
tion of  layering ;  in  which  he  not  only  takes  advantage  of  and 
accelerates  the  attempts  of  nature,  but  incites  it  in  species  which  do 
not  ordinarily  multiply  in  this  manner. 

182.  A  Sucker  is  a  branch  of  subterranean  origin,  which,  after  run- 
ning horizontally  and  emitting  roots  in  its  course,  at  length,  follow- 
ing its  natural  tendency,  rises  out  of  the  ground  and  forms  an  erect 

X  stem.  The  Rose,  the  Raspberry,  and  the  Mint  afford  familiar  illus- 
trations, as  well  as  many  other  species  which  shoot  up  stems  "  from 
the  root,"  as  is  generally  thought,  but  really  from  subterranean 
branches.  Cutting  off  the  connection  with  the  original  root,  the 
gardener  propagates  such  plants  by  division, 

183.  A  Bunnef)  of  which  the  Strawberry  furnishes  the  most  familiar 
example,  is  a  prostrate,  slender  branch,  sent  off  from  the  base  of  the 
parent  stem,  which  strikes  rooC  at  its  apex,  and  produces  a  tuft  of 
leaves ;  thus  giving  rise  to  an  independent  plant  capable  of  extend* 
ing  itself  in  the  same  manner. 


SUNNKIU,  TEKDEILS,  ETC  103 

184.  ii  0(bet  ij  a  siniiliir,  but  short,  pttistrate  branch,  with  a  taft 
of  leaves  at  the  end,  which,  resting  on  the  ground,  there  tokea  root, 
and  at  length  becomes  independ- 
ent; as  in  the  HouEeleek. 

185.  A  Tendril  ia  commonly  a 
thread-like,  leafless  bnuich,  capable 
of  coiling  spirally,  by  which  some 
climbing  plants  attach  themselves 
to  surrounding  bodies  for  BUpport; 
as  in  the  Qrape-vine  (Pig-  IGl). 
But  sometimes  tendrib  Ixilong  to 
the  leaves,  as  in  the  Pea;  when 
they  are  elender  prolongations  of 
the  lea^talk.  Some  tendrils  cling 
by  hooking  their  tips  around  the 
supporting  object.  Others,  such  as 
those  of  the  Virginia  Creeper  (Fig- 
162,  163),  commonly  expand  the 
tips  of  the  tendrils  into  a  flat  disc,  — 
much  as  do  many  aerial  rootlets  (as 
those  of  Ivy)  when  subservient  to 

the  same  oflke, — which  firmly  ad-  "' 

heres  to  walla  or  the  bait  of  trees,  thus  enabling  the  plant  to  ascend 

and  cover  their  surface.     As  soon  as  they  are  attached,  the  \ei;4ril 


no.  IBl.    Xnd  i^f  ■  ih«t  at  tb*  Onp>-Tln«,  with  T«n(  tndrlb. 

no.  lea.    Aportl«ior««tcii.efAiDi»lopri,i,orViis)iil»CrMp«,irtth«leiif  mdiH 

no.  168     EuilJ  of  tlu  Utter,  sDluxKd,  ibairiiig  Ui*  iipuiilKl  lipa  bf  whicta  thitj  ell 
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usually  shortens   itself  by  coiling  spirally,  thus   drawing  up  the 
climbing  shoot  closer  to  the  supporting  object. 

186.  A  Spine  or  Thorn  is  an  imperfectly  developed,  indurated,  leai^ 
less  branch  of  a  woody  plant,  attenuated  to  a  point.     The  nature  o£ 

spines  is  manifest  in  the  Haw- 
thorn (Fig.  165),  not  only  by 
their  position  in  the  axil  of  a 
leaf,  but  ofien  by  producing  im- 
perfect leaves  and  buds.  And 
in  the  Sloe,  Pear,  &c.,  many 
of  the  stinted  branches  become 
spinose  or  spinescent  at  the 
apex,  tapering  off  gradually  in- 
to a  rigid,  leafless  point,  thus 
exhibiting  every  gradation  be- 
tween a  spine  and  an  ordinary 
branch.  These  spinose  branch- 
es are  less  liable  to  appear  on 
the  cultivated  tree,  when  duly 
cared  for,  such  branches  being 
thrown  mostly  into  more  vigor- 
ous growth.  In  the  Hawthorn^ 
the  spines  spring  from  the  main 
axillary  bud,  while  accessory 
buds  (169),  one  on  each  side,  ap- 
pear, and  one  or  both  grow  the 
next  season  into  an  ordinary 
branch.  In  the  Honey  Locust,  it  is  the  uppermost  of  several  ac- 
cessory buds,  placed  far  above  the  axil,  that  develops  into  the  thorn 
(Fig.  164).  And  here  the  spine  itself  branches,  and  sometimes  be- 
comes extremely  compound.  Sometimes  the  stipules  of  the  leaves 
develop  into  spines,  as  in  the  Prickly  Ash.  Sometimes  the ,  leaf  it- 
self is  developed  as  a  spine ;  of  which  the  Barberry  affords  a  familiar 
example.  When  the  spine  is  situated  in  the  axil  of  a  leaf  or  a  leaf- 
scar,  it  is  necessarily  of  the  nature  of  a  branch.     When  it  bears  a 


FIG.  164.  Branehiog  thorn  of  the  Honey  Locust  (Gleditschla),  an  indaTated  branch  derel- 
oped  from  an  accessory  bud  produced  aboTe  the  a3iJl.  a.  Three  buds  under  the  base  of  the 
leafistalk,  brought  to  yiew  in  a  section  of  the  stem  and  leafstalk  below. 

FIO.  165  Thorn  of  the  Cockspur  Thorn,  deTeloped  from  the  central  of  three  axiUaiy  buds  ,* 
one  of  the  lateral  buds  is  seen  at  its  base. 
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bud  or  branch  in  its  axil  (as  in  th«  Barben;,  Fig.  296),  it  must  be 
of  the  nature  of  a  leaf. 

1&7.  The  SubleiraMai  HodUitaliou  of  Ihe  Stem  are  scarcely  less 
numerous  aod  diverse  than  the  aerial ;  but  they  may  all  be  reduced 
to  a  few  principal  types.  They  are  perfectly  distinguishable  from 
roots  by  producing  regular  buds,  or  by  being  marked  with  scars, 
which  indicate  the  former  insertion  of  leaves,  or  furnished  with 
scales,  which  are  the  rudiments  or  the  restiges  of  teares.  All  the 
Sca^  root»  of  the  older  botanists  are  therefore  forms  of  the  stem  or 
branches,  with  which  they  accord  in  every  essentia]  respect.  So, 
likewise,  what  are  popularly  called  Creeping  rooU  are  really  subter- 
ranean branches ;  such  as  those  of  the  Mint,  and  of  most  Sedges  and 
Grasses.     Some  of  these,  such  as  the  Carex  arenaria  (Fig.  166)  of 


Europe,  render  important  service  in  binding  the  shilling  sands  of 
the  sea-shore.  Others,  like  the  Couch-Grass,  are  often  very  trouble- 
some to  the  agriculturist,  who  finds  it  next  to  impossible  to  destroy 
them  by  the  ordinary  operations  of  husbandry ;  for,  being  furnished 
with  buds  and  roots  at  every  node,  wliich  are  extremely  tenacious  of 
life,  when  lorn  in  pieces  by  the  plough,  each  fragment  is  only  placed 
in  the  more  favorable  condition  for  becoming  an  independent  plant. 
The  Nut-Grass  (Cyperua  Hydra),  an  equally  troublesome  pest  to 
the  planters  of  Carolina  and  Geoi^a,  is  similarly  constituted ;  and 


FIO.  163.    Cneplns  imbtamnMn  atem  aT  Cun  umuU. 

no.  1E7.    RhLiDiu  of  DlphjllcU  cJIllo■i^  Bbovlng  ill  tbh'  grswtii.  *nd  (bad  tbr  tb* 
■mnth  :  a,  tha  bud ;  e,  Ian  of  tbe  atilk  of  tliB  ramot  tolt  :  (,  aai  left  b;  tin  im^  of  Uw 
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besides,  the  interminable  subterronean  branches  bear  taben,  or 
reservoirs  of  nutriilve  matter,  in  their  course,  whirh  have  Etill 
greater  i»owers  of  vilality,  as  they  eonlnin  a  copious  store  of  food 
for  the  development  of  tlie  buds  they  bear.     The  name  of 

188.  Bbiioma  OI  RooUtOEk  i&  applied  in  a  general  way  to  all  these 
perennial,  horizontally  elongated,  more  or  leas  subterranean,  root- 
like forms  of 
the  stem;  and 
more  particu- 
larly to  those 
that  are  coasid' 
erahly  thick- 
ened by  the  ac- 
•*  eumulalion    of 

etarch  or  other  forms  of  nutritive  matter  in  their  tissue,  such  as  the 
so-called  roots  of  Ginger,  of  the  Iris  or  Flower-de-luce  (Fig.  291),  of 
the  Calamus  or  Sweet  Flag,  andof  the  Blood- 
root.  They  grow  after  the  manner  of  ordinary 
stems,  advancing  (tbm  year  to  year  by  the 
annual  development  of  a  bud  at  the  apex,  uiti 
emitting  roots  from  the  under  side  of  the  whole 
sur&ce ;  thus  established,  the  older  portions  die 
and  decay,  as  corresponding  additions  are  made 
to  the  opposite  growing  extremity.  Each  year's 
growth  is  often  marked,  as  in  some  species  of 
Iris  (Fig.  291),  by  a  narrowing  at  the  place 
where  the  growth  of  the  season  is  suspended, 
followed  by  an  enlai^ment  where  it  refom- 
mences ;  or  else,  as  in  the  curious  Diphylleia  of  "* 

the  Alleghany  Mountains  (Fig.  167),  and  the  Polygonatum  or 
Solomon's  Seal  (Fig.  168),  it  is  more  indelibly  stamped  by  an  im- 
pressed circular  scar  (which  has  been  likened  to  the  impression  of  a 
seal),  lefl  annually,  in  autumn,  by  the  death  and  separation  from  the 
perennial  rootstock  of  the  herbaceous  stalk  of  the  seafon  which  bore 
the  foliage  and  blossoms.  In  Diphylleia  the  growth  is  so  slow,  and 
the  ascending  stems  so  thick,  that  the  scars  of  successive  years  are 

FIO.  IBS     RootMHk  or  Polffnnttiini'ar  Solomon'i  Bnl,  irlth  tha  temiiul  baS,  Uh:  but  cf 
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nearly  in  contact  (Fig.  167).  In  the  very  short  and  slow'^rowiog 
Tootstork  of  Trillium  (Fig.  169),  the  base  of  the  leaf-bearing  and 
flowering  stem  of  the  season  aurrounds  and  covers  the  terminal  bud. 
In  our  common  Dentaria  or  Tootbwort,  and  in  Hydrophyllum,  the 
base  of  this  annual  stalk  or  of  the  leafslalka  partakes  in  the  thicken* 
ing,  and  persists  as  a  part  of  the  riiizoma,  in  the  foi-ra  of  fleshy  scales 
or  tooth-shaped  processes.  In  other  scaly  rootslocks,  these  persist- 
ent bases  of  the  leaves  are  thin,  and  more  like  bud-scales,  and  slowly 
decay  after  a  year  or  two.  All  such  markings  are  vestiges  of  leaves, 
Ac,  or  the  scars  from  which  they  have  fellen  or  decayed  away,  and 
indicate  the  nodes.  They  show  that  the  body  that  bears  them 
befongs  to  the  stem ;  and  not  to  the  root,  which  is  wholly  leaflesr. 
Boot-stocks  branch,  just  as  other  stents  do,  by  the  development  of 
lateral  buds  from  the  axils  of  their  scales  or  leaves.  They  serve 
as  a  reservoir  of  nourishing  matter,  for  the  maintenance  of  the  an- 
nual growth,  in  the  same  manner  as  do  thickened  roots  (145,  146). 
When  such  subterranean  stems  are  thickened  at  the  apex  only,  they 

189.  A  Tabtr.     This  is  usually  fonned  by  the  enlargement  of  the 
growing  bud  «f  a  subterranean  branch,  and  the  deposition  of  starch. 


&c  in  its  tissue.  This  deposit  serves  for  the  nourishment  of  the 
buds  (eyes)  which  it  involves,  when  they  develop  the  following  year. 
The  common  Potato  offers  the  most  familiar  example;  and  it  is 


no.  170.  Vue  of  the  Mam  a 

tatmt,     _  . 

Fia  171.  AaAutnnibnatlioTbndaf  tliB 

Id  tba  tabar  (Fmn  th*  Ouddiet'i  Chnmlele.) 
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veiy  evident  on  inspec^on  of  the  growing  plunt,  that  the  tubers 
belong  to  branches,  and  not  lo  the  roots.     The  nature  of  the  potato 


is  also  well  shown  by  an  accidental  case  (Fig.  171),  in  which  s 
of  the  buds  or  branches  above  ground  thickened  and 
manifested  a  strong  tendency  to  develop  in  the  form 
of  tubers.  By  iieaping  the  soil  around  the  stems, 
the  number  of  tuberiferoua  branches  is  increased. 
The  Jerusalem  Artichoke  also  affords  a  familiar  il- 
lustration of  the  tuber  (Fig.  170).  A  tuber  of  a. 
rounded  form,  and  with  few  buds,  or  a  rhizoma 
Eomewhat  shorter  and  thicker  than  that  in  Fig.  169, 


190.  A  Com  (Connut),  or  Solid  BvB.  This  ia  a 
fleshy  subterranean  stem,  of  a  rounded  or  oval  figure 
and  a  compact  texture;  as  in  the  Arum  or  Indian 
Turnip  (Fig,  175),  the  Colchicum,  the  Crocus  (Fig. 
180,  181,  182),  the  Cyclamen,*  &c  Corma  have 
been  termed  solid  bulbs.  But  the  principal  bulk  of 
a  true  bulb  consists  not  of  stem  but  of  leaves. 


•  The  flatlenefl  conn  of  Cyclamen  originatea  from  the  dilWation  of  ihs  radicle 
iCeeir  In  the  Tumlp,  Beet,  and  Badish  (Fig,  138),  this  also  enlar^a  with  the 
proper  root,  die  app«r  part  of  which  accordingly  partakes  of  the  nature  of  the  Btem. 

no.  1T2     Tbe  Ktly  bulb  of  k  Uly.    178.  A  Terdcsl  sbUod  ot  [be  suds,  fannhig  lbs  u- 
DiulitBlk.    171   AillluTbuibleUof  Ullambulbirtm 
FIQ.  17S.    A  ndlcsl  )»f  of  tbt  Whtta  Uly,  vlih  It 
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191-  A  Blllt  ii  a  permanent!/  abbreviated  stem,  mostlir  shorter 
than  brond,  and  clothed  with  scales,  which  are  imperfect  and  thick- 
ened leaves,  or  more  commonly  the  thickened  and  persiittent  bases 
of  ordinary  leaves  (Fig.  176).  In  other  words,  it  is  a  scaly  and 
asually  subterranean  bud,  with  thickened  scales,  and  a  depressed 
axis  which  never  elongates.  Its  centre  or  apex  develops  npward 
the  herbaceous  stalk,  foliage,  and  flowers  of  the  season,  and  beneath 
emits  roots.  In  the  bulb,  the  thickening  by  the  deposition  of  nutri- 
tive matter,  stored  for  future  use,  takes  place  in  the  leaves  or  scales 
it  bet4M,  instead  of  the  stem  itself,  as  in  the  preceding  forms.  Tlie 
st-ales  are  sometimes  separate,  thick,  and  narrow,  as  in  the  Scaly 
bulb  of  the  Lily  (Fig.  172) ;  sometimes  broad  and  in  concentric 
layers,  as  in  the  Tunieated  hulb  of  the  Onion  (Fig.  177). 

192.  BDlblcti  are  small  aerial  bulbs,  or  buds  with  fleshy  scales, 
which  arise  in  the  axib  of  the  leaves  of  several  plants,  such  as  the 
common  Lilium  bulbiferum  of  the  gardens  (Fig.  174),  and  at  length 
separate  spontaneously,  falling  to  the  ground,  where  they  strike  root, 
and  grow  as  independent  plants.  In  the  Onion,  and  other  species  of 
Allium,  bulblets  are  often  produced  in  place  of  flower-buds.  These 
plainly  show  the  identity  of  bulbs  wilh  buds. 

193.  All  these  extraordinary,  no  less  than  the  ordinary,  forms 


).  180.    V«tfn)Mcitoiiof  UwcniBOfCtonu;  ii,iHwbndL 

1.  lei.    TolkKl  hcUdd  or  th<  «inB  ot  cmchkom,  with  tha  irithmd  ca 

C  (a),  ud  Iha  ftnolng  one  (ejfoi  tba«i>iltiic7««f. 
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of  the  stem,  grow  and  branch,  or  multiply,  hy  the  development  of 

terminal  and  axillary  buds.     This  is  perfectly  evident  in  the  rhizoma 

and  tuber,  and  is  equally  the  c&se  in  the  corm  and  bulb.     The  etem 

of  the  bulb  is  usually  reduced  to  a  mere  plate  {Fig.  178,  a),  which 

produces  roots  irom  it«  lower  surface,  and  leaves  or  scales  from  the 

upper  surface.     Besides  the  terminal  bud  (c),  which  usually  forms 

the  tlower-fitem,  lateral  buds  (b,  b)  are  produced  in  the  axils  of  the 

leaves  or  scales.     One  or  more  of  these  may  develop  as  flowering 

stems  the  next  eeason,  and  thus  the  same  bulb  survive  and  blossom 

from  year  to  year;  or  these  axillary  buds  may  themselves  become 

bulbs,  feeding  on  the  parent  bulb,  which  in  this  way  is  often  con* 

simied  by  its 'own  offspring,  as  in  the  Garlic  (Fig.  179)  ;  or,  finally 

separating  from  the  living  parent,  just  as  the  bulblets  of  the  Tiger 

Lily  fall  from  the  stem,  they  may  form  so  many  independent  indi- 

laa  viduab.     So  the  corm  of  the  Crocus  (Fig. 

182,  182")  produces  erne  or  more  new  ones, 

which  feed  upon  and  exhaust  it,  and  take  its 

place ;  and  the  shrivelled  remains  of  the  old 

corm  may  be  found  underneath  the  new,  the 

next  season.     The  corm  of  Colchicum  (Fig. 

181}  produces  a  new  bud  on  one  side  at  the 

base,  and  is  consumed  by  it  in  the  course  of 

the  season ;  the  new  one,  after  flowering  by 

its  terminal  bud,  is  in  turn  consumed  by  its 

own  <^spring;  and  so  on.     In  Fig.  161,  we 

have  at  one  view,  a,  the  dead  and  shrivelled 

corm  of  the  year  preceding ;  b,  that  of  the 

present  season   (a  vertical  section) ;  and  c, 

<*»"  the  nascent  bud  for  the  growth  of  the  ensuing 

season.     Many  of  the  forma  which  the  stem  assumes  when  above 

ground  differ  as  much  from  the  ordinary  appearance  as  do  any  of 

these  subterranean  kinds,  luid,  in  fad,  imitate  their  peculiarities ;  aa, 

for  example,  the  globular  Melon-Cactus  and  Mamillaria,  the  colum* 

nar  Cereua,  and  the  jointed  Opuntia  or  Prickly  Pear.     These  are 

remarkably 

194.  Consolidated  Femu  of  Ttgelation.     While  ordinary  plants  are 
constructed  on  the  plan  of  great  expansion  of  surface,  these  are 

no.  182.  Com  of  Ccoeni,  Ui*  tn 
Tntiga  of  th«  lut  jt*r'»  ootid  at  ti 
p»rta  of  la  aurCiM.    183".  V«rtlo»l  i 
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formed  on  the  plan  of  the  least  possible  amount  of  surface  in  pro- 
portion to  their  bulk,  '  A  green  rind  serves  the  purpose  of  foliage ; 
but  the  surface  is  as  nothing  compared  with  an  ordinary  leafy  plant 
of  the  same  amount  of  vegetable  material  This  consolidation  is 
carried  to  the  extreme  in  the  Melon-Cactus,  Mamillaria,  and  the 
like,  of  globular  or  corm-like  shapes ;  their  spherical  figure  being 
that  which  exposes  the  least  possible  part  of  the  bulk  to  the  air. 
Such  plants  are  evidently  adapted  and  des  gned  for  very  dry 
regions;  and  in  such  only  are  they  naturally  found.  Similarly, 
bulbous  and  corm-bearing  plants,  and  the  like,  are  a  form  of  vege- 
tation which  in  the  growing  season  may  in  the  foliage  expand  a 
large  surface  to  the  air  and  light,  while  during  the  period  of  rest 
the  living  vegetable  is  reduced  to  a  globular  or  other  form  of  the 
least  surface ;  and  this  is  protected  by  its  outer  coats  of  dead  and 
dry  scales,  as  well  as  by  its  subterranean  situation ;  —  thus  exhibit- 
ing another  and  very  similar  adaptation  to  a  season  of  drought. 
And  such  plants  mainly  belong  to  countries  (such  as  Southern 
Africa,  and  parts  of  the  interior  of  Oregon  and  California)  which 
have  a  long  hot  season,  during  which  little  or  no  rain  falls,  when, 
their  stalks  and  foliage  above  and  their  roots  beneath  being  early 
cut  off  by  drought,  the  plants  rest  securely  in  their  compact  bulbs, 
filled  with  nourishment,  and  retain  their  moisture  with  great 
tenacity,  until  the  rainy  season  returns.  Then  they  shoot  forth 
leaves  and  flowers  with  wonderful  rapidity,  and  what  was  perhaps 
a  desert  of  arid  sand  becomes  green  with  foliage  and  gay  with  blos- 
soms, almost  in  a  day.  This  will  be  more  perfectly  understood 
when 'the  nature  and  the  use  of  foliage  shall  have  been  more  fully 
considered. 


Sect.  IV.     The  Internal   Structure  op  the  Stem  in 

General. 

195.  Having  considered  the  various  external  forms  and  appear- 
ances which  the  stem  exhibits,  and  its  mode  of  increase  in  length, 
our  attention  may  now  be  directed  to  its  internal  structure,  and  its 
mode  of  increase  in  diameter. 

196.  The  stem  embraces  in  its  composition  the  various  forms  of 
elementary  tissue  that  have  already  been  described  (Chap.  I.,  Sect 
II.,  III.) ;  namely,  ordinary  cells,  woody  fibre,  and  vessels.     At 
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first,  indeed,  it  consists  entirely  of  parenchyma  (51),  which  pos- 
sesses much  less  strength  and  tenacity  than  woody  tissue,  and  is 
therefore  inadequate  to  the  purposes  for  which  the  stem,  in  all  the 
higher  plants,  is  destined.  The  stem  of  a  Moss  or  a  Liverwort  is, 
in  fact,  composed  of  ordinary  cellular  tissue  alone ;  and  is  therefore 
weak  and  brittle,  well  enough  adapted  to  plants  of  humble  size, 
but  not  for  those  which  attain  any  considerable  height.  Accord- 
ingly, as  soon  as  the  stems  of  Phsenogamous  plants  begin  to  grow, 
and  in  proportion  as  the  leaves  are  developed,  woody  mingled  with 
vascular  tissue  is  introduced,  to  afford  the  requisite  toughness  and 
strength,  and  to  facilitate  the  rise  of  the  ascending  sap.  If  the 
wood  accumulates  only  to  moderate  extent  in  proportion  to  the 
parenchyma,  the  stem  remains  herbaceotis  (174)  ;  if  it  predominates 
and  continues  to  accumulate  from  year  to  year,  the  proper  woody 
trunk  of  a  shrub  or  tree  is  formed. 

197.  The  cellular  part  of  the  stem  grows  with  equal  readiness, 
in  whatever  direction  the  forces  of  vegetation  act.  It  grows  verti- 
cally, to  increase  the  stem  in  length,  and  horizontally,  to  increase 
its  diameter.  Into  this  the  elongated  cells  that  form  the  woody 
tissue  and  ducts  are  introduced  vertically;  they  run  lengthwise 
through  the  stem  and  branches.  Hence,  the  latter  has  been  called 
the  longitvdinal,  vertical^  or  perpendicular  system  (56, « 64) ;  and 
the  cellular  part,  the  horizontal  system  of  the  stem.  Or  the  stem 
may  be  compared  to  a  web  of  cloth;  the  cellular  system  forming 
the  woof,  and  the  woody,  the  warp, 

198.  The  diversities  in  the  internal  structure  of  the  stem  are 
principally  owing  to  the  different  modes  in  which  the  woody  or 
vertical  system  is  imbedded  in  the  cellular.  These  diversities  are 
reducible  to  two  general  plans ;  upon  one  or  the  other  of  which  the 
stems  of  all  Flowering  plants  are  constructed.  Not  only  is  the 
difference  in  structure  quite  striking,  especially  in  all  stems  more 
than  a  year  old,  but  it  is  manifested  in  the  whole  vegetation  of  the 
two  kinds  of  plants,  and  indicates  the  division  of  Phsenogamous 
plants  into  two  great  classes,  recognizable  by  every  eye;  which, 
in  their  fully  developed  forms,  may  be  represented,  one  by  the  Oak 
and  other  trees  of  our  climate,  the  other  by  the  Palm  (Fig.  184). 

199.  The  difference  between  the  two,  as  to  the  structure  of  their 
stems,  is  briefly  and  simply  this.  In  the  first,  the  woody  system  is 
deposited  in  annual  concentric  layers  between  a  central  pith  and  an 
exterior  hark;  so  that  a  cross-section  presents  a  series  of  rings  or 
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circles  of  wood,  surrounding  each  other  luid  a  distinct  pith,  and  all 
surrounded  bj  a  separable  bark.  Tliis  is  Ihe  plan,  not  only  of  the 
Oak,  but  of  all  the  trees  and  ehrubs  of  the  colder  ctimutes.  In  the 
second,  the  woodj  systtm  ia  not  disposed  in  layers,  but  consists  of 
separate  bundles  or  threads  of  woody  libre,  &c^  running  through  the 
cellular  system  without  apparent  order;  and  presenting  on  the  cross- 
section  a  view  of  the  divided  ends  of  ihe.-e  threads  in  the  form  of 
dots,  ditliised  through  the  whole ;  but  with  no  distinct  pilb,  and  no 
baric  which  is  at  any  time  readily  separable  from  the  wood.  The 
appearance  of  such  a  stem,  both  on  the  longitudinal  and  the  cross- 
section,  is  shown  in  Fig.  183  ;  it  may  also  be  examined  in  the  Cane 
or  Rattan,  the  Bamboo,  and  in  the  annual  stalk  of  Indian  Com  or 
of  Asparagus.  That  of  ordinary  wood  of  the  first  sort  is  loo  iamil- 
iar  to  need  a  pictorial  illustration. 

200.  ElOgenODS  StrnelDTe.  The  stem,  in  the  first  case,  increases 
in  diameter  by  the  annual  formation  of  a  new  layer  of  wood,  which 
is  deposited  between  the  preceding  layer  and  the  bark ;  that  is,  the 
-wood  increases  by  annual  additions  to  its  outside.  Hence,  such 
stems  are  said  lo  be  Exogknous  ;  and  plants  whose  slems  grow  in 
this  way  are  called  Exogenous  Plants,  or  briefly  Exogens  ; 
that  is,  aA  the  term  literally  signifies,  imtside-griywers. 

201.  EndogtnODg  StniClnrt.  In  the  secoiid  ease,  the  new  woody 
matter  is  intermingled  with  the  old,  or  deposited  towards  the  centre, 
which  becomes  more  and  more  occupied 

with  the  woody  threads  as  the  stem  grows 
older ;  and  increase  in  diameter,  so  far  as 
it  depends  on  the  formation  of  new  wood, 
generally  takes  place  by  the  gradual  dis- 
tention of  the  whole.  Accordingly,  these 
stems  are  said  to  exhibit  the  Endoge- 
nous structure  or  growth;  and  such  plants  "^ 
are  called  Ei4dogenol'3  Plants,  or  Emdogens  ;  literally,  inside' 
ffrowers, 

202.  The  two  great  classes  of  Phtenogamons  plants,  indicated  by 
this  difference  in  the  stem,  are  distinguishable  even  in  the  embryo 
state,  Ly  differences  quite  as  marked  as  those  which  prevail  in  their 
whole  port  and  aspect.  The  embryo  of  all  plants  that  have  en- 
dogenous stems  hears  only  a  single  cotyledon !  hence,  Endogens  are 
aLo  called  Monocotyledonous  Plants  (128).     The  embrjo  of 

no.  1S3.    SccUon  (lon^tHdinia  «ul  timoanm)  at  •■  Palm-sum. 
10' 
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plants  with  exogeDOQs  stems  bears  a  pair  of  cotyledons  and  unfolds 
a  pair  of  seed-leityes  in  gerrnination  (Pig- 106, 125)  ;  hence,  Exogena 
are  likewise  called  Dicottledokocs  Fluits. 


Sect.  V.    The  Eudogemous  or  Mokocottledonocs  Stem. 

203.  Endooens,  or  Huide-ffrowen,  although  they  have  many 
humble  representatives  in  Iforthem  climes,  yet  only  attain  their  full 
characleristic  devel- 
opment, and  d 
their  noble  ar 
cent  forms,  ui 
tropical   sun. 
Palm3  — thet 
the   class  —  d 
tend  as  far  no 
J  this  country  s 
coast  of  North 
lina(thenaturj 
it  of  the  Pal: 
Fig.  184) ;  wl 
Europe    the 
and  the  Cham 
thrive  in  thfe  i 
er     parts     of 
European   she 
the    Meditem 
The  manner  ol 
growth  g^ves 
them  a  strik- 
ing   appear- 

trunka  being  ' 

unbranched,  w 

cylindrical  columns,  rising  majestically  to  the  height  of  from  thirty 
to  one  hundred  and  fifty  feet,  and  crowned  at  the  summit  with  a 
simple  cluster  of  peculiar  foliage.  Tlieir  internal  Etructure  is  equal- 
ly different  Irom  that  of  ordinary  wood. 

FIO.  184.    TtuC'banwnipi  Fil]ii«uo,iiivirioiu  itaga,  BDd  chs  YacaDnomdi. 
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204.  The  stem  of  an  Endogen,  as  already  explained  (199),  ofiers 
no  manifest  dtstinction  into  bark,  pith,  and  wood ;  and  the  latter  is  not 
composed  of  concentric  ring?  or  layers.  But  it  consisla  of  bundles  of 
woodj  and  vascular  tissue,  in  the  form  of  fibres  or  threads,  which  are 
imbedded,  wilh  littic  apparent  regularity,  in  cellular  tissue  ;  and  the 
whole  is  enclosed  in  an  integument,  which  does  not  strictly  resemble 
the  bark  of  an  Exogenous  plant,  inasmuch  as  it  does  not  increase 
by  layers,  and  is  never  separable  from  the  wood.  The  fibrous 
bundles  which  compose  the  wood,  and  which  consist  of  a  mass  of 
woody  fibres  surrounding  several  vessels,  are  distributed  throughout 
the  cellular  system  -of  the  stem,  but  most  abundantly  towards  the 
circumference.  Each  bundle  usually  contains  all  the  elements  of 
the  wood  of  the  exogenous  stem ;  namely,  vessels,  proper  woody 
tissue,  and  bast-cells.  The  bundles  often  may  be  traced  directly 
from  the  base  of  the  leaves  down  through  the  stem,  some  of  them 
to  the  roots  in  a  young  plant,  while  others,  curving  outwards,  lose 
themselves  in  the  cortical  inlegument, 

or  rind.  As  the  stem  increases,  new 
bundles,  springing  from  the  bases  of 
more  recently  developed  leaves,  are  at 
first  directed  towards  the  centre  of  the 
stem,  along  which  they  descend  for 
some  distance,  gi-owing  more  slender 
in  their  course,  and  then,  curving  out- 
wards, mostly  terminate  in  the  rind. 
It  is  parily  in  consequence  of  the  co- 
hesion of  these  obliquely  descending 
fibres  to  the  false  bark,  that  the  latter 
cannot,  as  in  Exogens,  be  separated 
from  the  wood  beneath.     The  manner 

in  which  the  woody  threads  are  consequently  interwoven  is  shown 
in  Fig.  185.  The  Palm-like  Yuccas  of  the  Southern  States  ofier 
beaatifiil  illustrations  of  the  kind. 

205.  Elndogenous  stems,  instead  of  having  the  oldest  and  hardest 
wood  at  the  centre  and  the  newest  and  softest  at  the  circumference, 
as  in  ordinary  trees,  are  soilest  towards  the  centre  and  most  compact 
at  the  circumference.  They  increase  in  diameter  with  the  increas- 
ing number  of  woody  bundles  (which  multiply  as  new  leaves  are 
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produced),  as  long  as  the  rind  is  capable  of  distention.  In  some 
instances,  as  in  the  arborescent  Yuccas  and  the  Dracaenas  or  Dragon- 
trees,  the  rind  remains  soft  and  capable  of  unlimited  growth ;  but  in 
the  Palms,  and  in  most  woody  Endogens,  it  soon  indurates,  and  the 
stem  consequently  increases  no  further  in  diameter.  The  wood  of 
the  lower  part  of  such  stem  is  more  compact  than  the  upper,  being 
more  filled  with  woody  bundles,  and  the  rind  is  firmer,  from  the 
greater  number  of  ligneous  fibres  which  terminate  in  it,  and  from 
its  proper  induration. 

206.  Palms  generally  grow  from  the  terminal  bud  alone,  and 
perish  if  this  bud  be  destroyed ;  they  grow  slowly,  and  bear  their 
foliage  in  a  cluster  at  the  summit  of  the  trunk,  which  consequently 
forms  a  simple  cylindrical  column.  But  in  some  instances  two  or 
more  buds  develop,  and  the  stem  branches,  as  in  the  Doum  Palm  of 
Upper  Egypt,  and  in  the  Pandanus,  or  Screw-Pine  (Fig.  140), 
which  belongs  to  a  family  allied  to  Palms:  in  such  cases  the 
branches  are  cylindrical.  But  when  lateral  buds  are  freely  devel- 
oped (as  in  the  Asparagus),  or  the  leaves  are  scattered  along  the 
stem  or  branches  (as  in  the  Bamboo,  Maize,  &c.),  these  taper  up- 
wards, just  as  in  Exogens.  A  particular  comparison  of  the  structure 
and  growth  of  the  Endogenous  stem  with  the  Exogenous  cannot  be 
instituted  until  the  latter  is  explained  in  detalL 


Iect.  VI.    The  Exogenous  or  Dicotyledonous  Stem. 

207.  Since  the  Exogenous  class  is  by  far  the  larger  in  every  part 
of  the  world,  and  embraces  all  the  trees  and  shrubs  with  which  we 
are  familiar  in  the  cooler  climates,  the  structure  of  this  kind  of  stem 
demands  more  detailed  notice.  To  obtain  a  true  and  clear  idea  of 
its  internal  structure,  we  should  commence  at  its  origin  and  follow 
the  course  of  development. 

208.  In  the  embryo,  or  at  least  at  some  period  antecedent  to 
germination,  the  rudimentary  stem  is  entirely  composed  of  paren- 
chyma. But  as  soon  as  it  begins  to  grow,  some  of  the  cells  begin  to 
lengthen  into  tubes,  to  be  marked  with  transverse  bars  or  spiral 
lines,  and  thus  give  rise  to  dticts  or  vessels  (57  —  60) ;  these  form  a 
small  and  definite  number  of  bundles  or  threads,  say  four  equidistant 
ones  in  the  first  instance,  as  in  the  Sugar  Maple :  surrounding  these, 
other  slender  cells  of  smaller  calibre,  and  destitute  of  markings^ 


EXOGENOUS   STRUCTCBE.  117 

soon  appe&r,  and  form  the  earliest  woody  tisEue.  As  tlie  rudiments 
of  the  next  intemode  and  its  leaves  appeur,  two  or  four  addilional 
threads  of  vascular  tissue  appear  in  the  stem  below,  in  the  paren- 
chyma between  the  earliest  ones,  and  are  equally  surrounded  with 
forming  woody  tissue.  At  an  early  stage,  therefore,  the  developing 
stem  is  seen  to  be  traversed  by  several  bundles  of  woody  tissue,  with 
some  vessels  imbedded ;  and  these,  as  they  increase  and  enlarge,  run 
together  so  as  to  make  up  a  woody  zone  (or,  as  seen  in  the  cro^s- 
section,  a  ring),  enclosing  the  central  part  of  the  parenchyma  within 
it,  and  itself  enclosed  by  the  external  parenchyma.  Thus  a  zone  or 
layer  of  wood  is  formed,  which  is  so  situated  in  the  original  homo- 
geneous cellular  system  as  to  divide  it  into  two  parts;  namely,  a 
central  portion,  which  forms  the  pith,  and  an  exterior  portion,  which 
belongs  to  the  bai^.  The  whole  is  of  course  invested  by  the  skin 
or  epidermis,  which  covers  the  entire  surface  of  the  plant.  The 
way  in  which  the  layer  of  wood  thus  originates  is  somewhat  rudely 
illustrated  by  the  annexed  diagrams  (Fig.  186-188).     The  several 


woody  masses,  or  wedges,  are  separated  from  each  other  by  lines  or 
bands  of  the  original  cellular  tissue.  Which  pass  from  the  pith  to  the 
bark,  and  which  necessarily  become  naitower  and  more  numerous  as 
the  woody  bundles  or  wedges  increase  in  size  and  number.  These 
bands  are  the  ■ 

209.  HednllarT  Bays.  These  form  the  radiating  lines  tliat  the 
cross-section  of  most  exogenous  wood  so  plainly  exhibits,  especially 
that  of  the  Oak,  Plane,  &c.     They  consist  of  parenchyma,  more 

JIG.  IBS-    Pliii  of  A  ei^HB-McdoD  of  &  fbnnlDf  nsdUiig  iton,  ihovlng  ills  mkoner  hi  wUeh 

FIO.  1ST.    Thnnnie St  ■  liter  pwiod,  Uu  wooClT  bnndlH  lii«H»d  n  u  dsuIt  to Bll  Ih* 

FIO.  les.  The  niM  u  tha  clna  at  Ou  HHnn,  whan  Um  wood  hu  tanned  >  nmplat* 
circle,  Rpnnt:]ig  tbs  pith  tmm  the  bark.  eirepC  that  thH)*  kjv  itllL  tonvectBd  by  tmrtow  pof 
duBi  at  the  iiUgJu  i^itim  (Iba  mtdKlliBy  n^J  whlelk  nulWe  rrom  the  pith  ts  tha  baA. 


118  THE   STEM. 

or  leas  flattened  by  the  pressure  of  the  woody  wedges,  and  ibey 
serve  to  keep  up  the  communicfition  between  the  pith  and   the 

210.  The  First  Tear"*  Growlh  of  an  exogenous  stem  accordingly  con- 
sists of  three  principal  parts,  viz. :  let,  a  central  cellular  portion,  or 
Pith  ;  2d,  a  zone  of  Wood;  and  3d,  an  exterior  cellular  portion,  or 
Bark.  These  several 
^g.  parts   are   displayed 

IPI  in  Pig.  189  -  101,  as 

"'"  stem  a  year  old. 

211.  ThePilh(ilft- 

duOa)  consists  en- 
tirely of  soft  cellular 
tissue,  or  parenchy- 
ma* (51),  which  is 
at  first  gorged  with 
Eap.  Many  stems 
expand  so  rapidly  in 
diameter  during  their 
early  growth,  tliat 
they  become  hollow, 
the  pith  being  torn 
away  by  the  disten- 
tion, and  its  remiuna 
forming  a  mere  lin- 
ing to  the  cavity, 
c  In  the  Walnut  and 

'"  the  Poke  (Phytolac- 

•  In  rare  instances  a  ftw  threads  of  wooily  tissaa  and  veseels  are  found  dis- 
pcrsed  llirongh  the  pith,  presenting  a  eomewhat  remarkable  anomaly.  This 
occurs  in  Aralia  racemosa,  and  more  strikingly  in  Oxybaphus,  Mirabilis  or 
four-o'clock,  and  other  Nyciaginac**. 

?I0.  1S9.    LongltDdlDal  anH  tnoartTM  section  oT  k  item  of  tha  Soft  Uspli'  (A«r  iiMjax- 
pum),  At  tbs  cUwe  oT  Iba  flnt  7«r'i  i^rorCh  ;  of  the  Dbtiinl  Bl&a. 
FIG.  190.    Porrlon  of  ths  iuns,  mBgnlOfld,  Ahowliig  tit*  eoUolBr  jritli,  flonoamled  bj  the 

Via.  191.  Hon  megnlfied  Bllce  of  Ibe  luno,  Tnnhlng  rron  the  berk  to  Ibe  pllh  :  a,  put  of 
the  pltb  ;  b,  TBVflls  of  the  meduIIaTy  gbcAth  ;  f,  tha  wood  ;  driy  dott*^  duotB  En  the  wood  ;  H, 

tbe  eotky  enrelope ;  i,  the  ikia  or  epUmuli  -,  k,  ooe  of  the  medoUuj  n^i,  Ken  od  Itu  traD*- 
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ca)  it  b  early  eeparated  into  a  series  of  horizontal  plates.  As  the 
Ptem  grows  older  the  pith  becomes  dry  and  light,  its  cells  filled  with 
air  only ;  and  then  it  is  of  no  further  use  lo  the  ptnnt. 

212.  TIw  Wood  consists  of  proper  woody  tissue  (53),  among  which 
the  vascular  is  more  or  less  copiously  mingled,  prindpally  in  the 
form  of  dotted  ducts  (Fig.  191,  d),  or  occasionally  some  annular 
ducts  (e),  &C.  The  dotted  ducts  are  of  so  considerable  calibre,  that 
they  are  conspicuous  to  the  naked  eye  in  many  ordinary  kinds  of 
wood,  especially  where  they  are  accumulated  in  the  inner  portion  of 
each  layer,  as  in  the  Chestnut  and  Oak.  In  the  Maple,  Plane,  Ac, 
they  are  rather  equably  scattered  through  the  annual  layer,  and  are 
of  a  size  so  small,  that  they  are  not  distinguishable  by  the  naked  eye. 
—  Next  the  pith,  i.  e.  in  the  very  earliest  formed  part  of  the  wood, 
some  spiral  ducta  are  uniformly  found  (Fig.  191,  b),  and  this  is  the 
only  part  of  the  exogenous  stem  in  which  these  ordinarily  occur. 
Tbey  may  be  detected  by  breaking  a  woody  twig  in  two,  after  divid- 
ing the  bark  and  most  of  the  wood  by  a  circular  incision,  and  then 
pulling  the  ends  gently  asunder,  when  their  spirally  coiled  fibres  are 
readily  drawn  out  as  gossamer  threads.  As  these  spiral  ducts  form 
a  circle  immediately  surrounding  the  pith,  they  form  what  has  been 
termed  the  Medullakt  Sheath.  "Hiis  is  no  special  organ,  and 
hardly  requires  a  special  name,  since  it  merely  represents  the  earli- 
est-formed vascular  tissue  of  the  stem. 

213.  The  vertical  section  in  Rg.  191  divides  one  of  the  woody 
wedges ;  and  therefore  the  medullary  rays  do  not  appear.     But  in 


^b  of  the  Maple^  »  jAr  old ;  n  i 
n  th«pLlh(p)toUnbMk(6):  I 
□e  nnbrDkei]  pLate  itRlcbitjf  ac 


li«  lodB  of  th«  mfldaltATj  nyi 
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the  much  more  magnified  Fig.  192,  the  section  is  made  po  as  to 
show  the  surface  of  one  of  these  plates,  and  one  of  the  Medulla  nr 
Rays  passing  horizontally  across  it,  connecting  the  pith  (p)  with 
the  bark  (b).  These  medullary  rays  form  the  stlver-gratn,  (lus  it 
u  termed,)  which  is  so  conspicuous  in  the  Maple,  Oak,  &c.,  and 
which  gives  the  glinmiering  lustre  to  many  kinds  of  wood  when  cut 
in  this  direction.  But  a  section  made  as  a  tangent  to  the  circum- 
ference, and  therefore  perpendicular  to  the  medullary  rays,  brings 
their  ends  to  view,  as  in  Fig.  193 ;  much  as  they  appear  when  seen 
on  the  surface  of  a  piece  of  wood  from  which  the  bark  is  stripped. 
They  are  here  seen  to  be  composed  of  parenchyma,  and  to  represent 
the  horizontal  system  of  the  wood,  or  the  woof,  into  which  the  ver- 
tical woody  fibre,  &c.,  or  warp,  is  interwoven.  The  inspection  of  a 
piece  of  oak  or  maple  wood  at  once  shows  the  pertinency  of  this 
illustration. 

214.  Tbe  Bark)  in  a  stem  of  a  year  old,  must  next  be  considered. 
At  first  it  consists  of  simple  parenchyma,  undistinguishable  from 
that  of  the  pith,  except  that  it  assumes  a  green  color  when  exposed 
to  the  light,  from  the  production  of  chlorophyll  (92)  in  its  cells.  But 
during  the  formation  of  the  wood  of  the  season,  an  analogous  forma- 
tion occurs  in  the  bark.  The  inner  portion,  next  the  wood,  has 
woody  tissue  formed  in  it,  and  becomes 

215.  The  liber,  or  Inner  Bark  (Fig.  191,/).  The  fibre-like  cells, 
which  give  to  the  inner  bark  of  those  plants  that  largely  contain 
them  its  principal  strength  and  toughness,  are  of  the  kind  already 
described  under  the  name  of  bast-cells  or  ba^t-tissue  (55).  They  are 
remarkable  for  their  length,  flexibility,  and  the  great  thickness  of 
their  walls.  They  form  in  bundles,  or  in  bands  sepai^ated  by  exten- 
sions of  the  medullary  rays,  one  accordingly  corresponding  to  each 
of  the  woody  plates  or  wedges ;  or  sometimes  (as  in  Negundo,  Fig. 
194,  195)  they  are  confluent  into  an  unbroken  circle  round  the 
whole  circumference.  Complete  and  well-developed  liber,  like  that  of 
the  Bass  wood,  consists  of  three  elements,  viz.:  1.  bast-cells  or  fibres  ; 
2.  large  and  more  or  less  elongated  cells,  with  thinner  walls  variously 
marked  with  transparent  spots,  appearing  like  perforations,  and 
usually  traversed  by  an  exceedingly  minute  net-work ;  and  3.  cells 
of  parenchyma.  The  liber  has  received  the  technical  name  of 
Endophloeum  (literally  inner  bark).  In  most  woody  stems  the 
exterior  part  of  the  bark,  in  which  no  woody  tissue  occurs,  is  early 
distinguishable  into  two  partiK,  an  inner  and  an  outer.     The  former  is 
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216.  TheCellalHEnreli^iOr  Cre™  iay«- (Fig.  191,  y),alao  called, 
from  its  intermediate  position,  tlie  Mesopiilcsux.  This  is  com- 
posed of  loose  parendiTma,  with  thin  walls,  mach  like  the  green 
pulp  of  leaves,  and  cootAining  an  equal  abundance  of  chlorophylL 
It  is  the  only  part  of  the  bark  that  retaioa  u  green  color.  In  woody 
stems  this  is  soon  covered  with 

217.  Tbe  Corkf  Eanlope,  or  K[>iPHL<BrM  (Fig.  191,  b),  wluch 
gives  to  the  twigs  of  trees  and  shmbs  the  hue  peculiar  to  each  Bpe- 
ciesi,  generally  some  shade  of  ash-color  or  brown,  or  occasionally  of 
much  more  vivid  tints.  It  h  this  tissue,  which,  taking  an  unusual 
(ievelopment,  forms  the  cork  of  the  Corii-Oak,  and  those  corky  ex- 
pansions of  the  bait  which  are  so  conspicuous  on  the  branches  of 


aoB,  ud  1S6, »  eomipoBdlBg  mU™!  sertJon,  nugat- 
ildenalB,  (,  of  h  itsm  of  NeEundOi  »  Jtar  old  :  B,  thfl 

It  abore :  vEtept  mr,  paTtian  of  a  medullMy  imji  rman  on  tha  Terttu]  KcdoDf  where  It 

nUj-erof  wood.    In  thti  tree,  we  andu  thick  la)erofp>™nchyni»(t)1otlde  of  the  bail- 
,  ud  tbuifOn  ti>kiiclii(  lo  Iha  UUr.    Kd  beet-liniH  i<  {Mnwd  In  it  Ih*  nMad  ;riw. 
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the  Sweet  Gum  (Liquidambar),  and  on  some  of  our  Elms  (Ulmus 
alata  and  racemosa).  It  also  forms  the  paper-like,  exfoliating  layers 
of  Birch-bark.  It  is  composed  of  laterally  flattened  parenchymatous 
cells,  much  like  those  of  the  Epidermis  (69,  Fig.  191,  t),  which 
directly  overlies  it,  and  forms  the  skin  or  surface  of  the  stem. 

218.  The  elements  of  an  exogenous  stem  of  a  year  old,  especially 
in  a  woody  plant,  accordingly  are  these,  proceeding  from  the  centre 
towards  the  circumference :  — 

L  In  the  Wood : 

1.  The  Pithy  belon^g  to  the  cellular  system  (Fig.  194,  195,/>). 

2.  The  MeduUaTry  Sheath^  m*,    )  which  belong  to  the   woody  or- 

3.  The  Layer  of  Wood,  W,w,    )      longitudinal  system. 

4.  The  Medullary  Rays,  mr,  a  part  of  the  cellular  -systenu 

II.  In  the  Bark : 

5.  The  Liber,  I ;  its  bast-tissue,  h,  belongs  to  the  woody  system. 

6.  The  Ovier  Bark,  belonging  wholly  to  the  cellular  system,  and 

composed  of  two  parts,  viz. :   1st,  the  Green  or  Cellular  £^ 
..  '      velope,  ye,  and  2d,  the  Corky  Mnvelope,  ce, 

7.  The  Epidermis,  e,  or  skin,  which  invests  the  whole. 

219.  An  herbaceous  stem  does  not  essentially  differ  from  a  woody- 
one  of  this  age,  except  that  the  wood  forms  a  less  compact  or  thinner 
zone ;  and  the  whole  perishes,  at  least  down  to  the  ground,  at  the 
close  of  the  season.  But  a  woody  stem  makes  provision  for  contin- 
uing its  growth  the  second  year.  As  the  layer  of  wood  continues  to 
increase  in  thickness  throughout  the  season,  by  the  multiplication  of 
cells  on  its  outer  surface,  between  it  and  the  bark,  and  when  growth 
ceases  this  process  of  cell-multiplication  is  merely  suspended,  so 
there  is  always  a  zone  of  delicate  young  cells  interposed  between  the 
wood  and  the  bark.     This  is  called  the 

220.  Cambinm-laycr,  (Fig.  194,  195,  C).  It  is  charged  with  or- 
ganizable  matter  (protoplasm,  dextrine,  &c.)  in  the  form  of  a  mu- 
cilage, which  is ,  particularly  abundant  in  the  spring  when  growth 
recommences.  This  mucilaginous  matter  was  named  Cambium  by 
the  older  botanists;  who  supposed  —  as  is  still  generally  thought— 
that  the  bark,  then  so  readily  separable,  really  separated  from  the 
wood  in  spring,  that  a  quantity  of  rich  mucilaginous  sap  was  poured 
out  between  them,  and  that  this  sap,  or  cambium,  was  organized' 
into  a  tissue,  the  inner  part  becoming  new  wood,  the  outer,  new 
bark.  But  delicate  slices  will  show  that  there  is  then  no  more  inter- 
ruption of  the  wood  and  inner  bark  than  at  any  other  season ;  that 
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the  two  are  always  organically  connected  by  an  extremely  delicate 
tissue  of  young  and  vitally  active  cells,  just  in  the  state  in  which 
they  multiply  by  division  (33).  The  bark,  indeed,  is  veiy  readily 
detached  from  the  wood  in  spring,  because  the  cambium-layer  is  then 
gorged  with  sap ;  but  the  separation  is  effected  by  the  rending  of 
a  delicate  forming  tissue.  And  if  some  of  this  apparant  mucilage  be 
scraped  off  from  the  surface  of  the  wood,  and  examined  under  a  good 
microscope,  it  will  be  seen  to  be  a  thin  stratum  of  young  wood-cells, 
with  the  ends  of  medullary  rays  here  and  there  interspersed,  and 
appearing  much  as  in  Fig.  193,  only  the  young  wood-cells  are  mostly 
shorter.  The  inner  portion  of  the  cambium-layer  is  therefore  nas- 
cent wood,  and  the  outer  is  nascent  bark.  And  it  is  by  the  growth 
of  the  cambium-layer,  renewed  year  after  year,  that  the 

221.  Annnal  Inerease  of  the  Wood  of  Exogenous  plants  is  effected. 
As  the  cells  of  this  layer  multiply,  the  greater  number  lengthen  ver- 
tically into  prosenchyma  or  woody  tissue ;  while  some  are  trans- 
formed into  ducts,  and  otliers,  remaining  as  parenchyma,  continue  the 
medullary  rays  or  commence  new  ones.  In  this  way  a  second  layer 
of  wood  is  formed  the  second  season,  over  the  whole  surface  of  the 
former  layer  and  between  it  and  the  bark,  and  continuous  with  the 
woody  layer  of  the  new  roots  below  and  of  the  leafy  shoots  of  the 
season  above.  Each  succeeding  year  another  layer  is  added  to  the 
wood  in  the  same  manner,  coincident  with  the  growth  in  length  by 
the  development  of  the  buds.  A  cross-section  of  an  exogenous  stem,' 
therefore,  exhibits  the  wood  disposed  in  concentric  rings  between 
the  bark  and  the  pith;  the  oldest  lying  next  the  latter,  and  the 
youngest  occupying  the  circumference.  Each  layer  being  the  pro- 
duct of  a  single  year's  growth,  the  age  of  ah  exogenous  tree  may,  in 
general,  be  correctly  ascertained  by  counting  the  rings  in  a  cross- 
section  of  the  trunk.* 


*  The  annual  layers  are  most  distinct  in  trees  of  temperate  climates  like  ours, 
where  there  is  a  prolonged  period  of  total  repose,  from  the  winter's  cold,  fol-' 
lowed  by  a  vigorons  resumption  of  vegetation  in  spring.    In  tropical  trees  they 
are  rarely  so  well  defined ;  but  even  In  these  there  is  generally  a  more  or  less 
marked  annual  suspension  of  vegetation,  occurring,  however,  in  the  dry  and 
hotter,  rather  than  in  the  cooler  season.    There  are  numerous  cases,  moreover,, 
in  which  the  wood  forms  a  uniform  stratum,  whatever  be  the  age  of  tlie  trunk, 
as  in  the  arborescent  species  of  Cactus  ;  or  where  the  layers  are  few  and  by  no.. 
means  corresponding  with  the  age  of  the  trunk,  as  in  the  Cyras. 

In  many  woody  cUmUng  or  twining  stems,  such  as  those  of  Clematis,  AristQ* ; 
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222.  The  limitation  of  the  Annual  layers  results  from  two  or  more 

causes,  separate  or  combined.  In  oak  and  chestnut  wood,  and  the 
like,  the  layers  are  strongly  defined  by  reason  of  the  accumulation  o£ 
the  large  dotted  ducts,  here  of  extreme  size  and  in  great  abundance, 
m  the  inner  portion  of  each  layer,  where  their  open  mouths  on  the 
cross-section  are  conspicuous  to  the  naked  eye,  making  a  strong  con- 
trast between  the  inner  porous,  and  the  exterior  solid  part  of  the 
successive  layers.  In  Maple  and  Beech  wood,  however,  the  ducts 
are  smaller,  and  are  dispersed  throughout  the  whole  breadth  of  the 
layer ;  and  in  coniferous  wood,  viz.  that  of  Pine,  Cypress,  dbc,  there 
are  no  ducts  at  all,  but  only  a  uniform  woody  tissue  of  sl  peculiar 
sort  (46,  54).  Here  the  demarcation  between  two  layers'  is  owing 
to  the  greater  fineness  of  the  wood-cells  formed  at  the  close  of  the 
season,  viz.  those  at  the  outer  border  of  the  layer,  while  the  next 
layer  begins,  in  its  vigorous  vernal  growth,  with  much  larger  cells, 
&US  marking  an  abrupt  transition  fiwm  one  layer  to  the  next.  Be^ 
sides  being  finer,  the  last  wood-cells  of  the  season  are  of^  flattened 
laterally,  more-  or  less.  .   , 

223<  Each  layer  of  wood,  once  formed,  remains  unchanged  in  posi- 
tion and  dimensions.  But  in  trunks  of  considerable  age,,  the  older 
layers  generally  undergo  more  or  less  change  in  color  and  density, 
distinguishing  the  wood  into  two  parts,  viz. 

224.  Sap-wood  and  Heart-wood.  In  the  germinating  plantlet  and  in 
the  developing  bud,  the  sap  ascends  through  the  whole  tissue,  of 
whatever  sort ;  at  first  through  the  parenchyma,  for  there  is  then  no 
other  tissue  ;  and  the  transmission  is  continued  through  it,  especially 
through  its  central  portion,  or  the  •  pith,  in  the  growing  apex  of  the 
stem  throughout.  But  in  the  older  parts  below,  the  pith,  soon 
drained  of  sap,  becomes  filled  with  air  in  its  place,  and  thenceforth  it 
bears  no  part  in  the  plant's  nourishment.  As  soon  as  wood-<;ells  and 
ducts  are  formed,  they  take  an  active  part  in  the  conveyance  of  sap ; 


lochia  Sipho,  and  Menispermnm  Canadense,  the  annnal  la^^ra  are  rather  obsenro* 
ly  marked,  while  the  medullary  rays  are  anasually  broad ;  and  the  wood  therefore 
forms  a  scries  of  separable  wedges  disposed  in  a  circle  around  the  pith.  In  the 
stem  of  one  of  our  Trumpet-creepers  (the  Bignonia  capreolata)  the  annual  rings, 
after  the  first  four  orfiye,  are  interrupted  in  four  places,  and  here  as  many  broad 
plates  of  cellular  tissue,  belonging  properly  to  the  bark,  are  interposed,  passing 
^t  right  angles  to  each  other  from  .the  circumference  towards  the  centre,  so  tha^ 
f he  trai^sverse  section  of  the  wood  nearly  resembles  a  Maltese  cross.  But  these 
fur^  All  ejKccptional  cascs^  which  scarcely  require  notice  in  a  general  view. 
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for  which  tlieir  tubukr  »nd  citpillary  chnnuter  is  especially  adapted, 
Ent  the  ducts  in  older  parts,  except  wlien  gorged  with  sap,  contnin 
air  blone  ;  and  in  woody  trunks  the  eap  continues  to  rise  year  after 
year,  to  the  places  where  growth  is  going  on,  mainly  through  the 
proper  woody  tissue  of  the  wood.  In  this  transmission  the  new  layers 
are  most  active,  and  these  are  m  direct  communication  with  the  new 
roots  on  the  one  hand  and  with  the  buds  or  shoots  and  leaves  of  the 
season  on  the  other  So,  by  the  formation  of  new  annual  layers  out- 
side of  them,  the  older  ones  are  each  year  removed  a  step  farther 
from  the  region  of  growth;  or  rather  the  growing  stratum,  which 
eonnects  the  fresh  rootlets  that  imhibe  with  the  foliage  that  elabo- 
rates the  sap,  is  each  year  removed  farther  fiwn  them.  The  latter, 
therefore,  after  &  few  years,  cease  to  convey  sap,  as  they  have  long 
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before  ceased  to  take  part  in  any  vital  operations.  The  cells  of  the 
older  layers,  also,  commonly  have  thicker  walls  and  smaller  calibre 
than  those  of  the  newer,  —  as  here  shown  in  Fig.  198, 199,  compared 
with  Fig.  196,  197,  —  owing  to  the  greater  amount  of  thickening  or- 
ganic materials  (43)  mingled  with  encrusting  mineral  matters  intro- 
duced with  the  water  imbibed  by  the  roots  (93)  which  have  been  de- 
posited upon  them  from  within.  This  older,  more  solidified,  and  harder 
wood,  which  occupies  the  centre  of  the  trunk,  and  is  the  part  princi- 
pally valuable  for  timber,  &c.,  is  called  Heart-wood,  or  Duramen  : 
while  the  newer  layers  of  softer,  more  open,  and  bibulous  wood,  more 
or  less  charged  with  sap,  receive  the  name  of  Sap-wood,  or  Albur- 
num. The  latter  name  was  given  by  the  earlier  physiologists  in  allu- 
sion to  its  white  or  pale  color.  In  all  trees  which  have  the  distinction 
between  the  sap-wood  and  heart-wood  well  marked,  the  latter  acquires 
a  deeper  color,  and  that  peculiar  to  the  species,  such  as  the  dark  brown 
of  the  Black  Walnut,  the  blacker  color  of  the  Ebony,  the  purplish-red 
of  Red  Cedar,  and  the  bright  yellow  of  the  Barberry.  These  colore 
are  owing  to  special  vegetable  products  mixed  with  the  incrusting 
matters  ;  but  sometimes  the  hue  appers  to  be  rather  an  alteration  of 
the  lignine  with  age.  In  the  Red  Cedar,  the  deep  color  belongs 
chiefly  to  the  medullary  rays.  In  many  of  the  softer  woods,  there  is 
little  thickening  of  the  cell-walls,  and  little  change  in  color  of  the 
heart-wood,  except  from  incipient  decay,  as  in  the  White  Pine,  Pop- 
lar, Tulip-tree,  &c.  The  heart-wood  is  no  longer  in  any  sense  a 
living  part ;  it  may  perish,  as  it  frequently  does,  without  affecting  the 
life  or  health  of  the  tree. 

225.  The  Bark  is  much  more  various  in  structure  and  growth  than 
the  wood :  it  is  also  subject  to  grave  alterations  with  advancing  age, 
on  account  of  its  external  position,  viz.  to  distention  from  the  con- 
stantly increasing  diameter  of  the  stem  within,  and  to  abrasion  and 
decay  from  the  influence  of  the  elements  without.  It  is  never  entire, 
therefore,  on  the  trunks  of  large  trees  ;  but  the  dead  exterior  parts, 
no  longer  able  to  enlarge  with  the  enlarging  wood,  are  gradually 
fissured  and  torn,  and  crack  off  in  layers,  or  fall  away  by  slow  decay- 
So  that  the  bark  of  old  trunks  bears  but  a  small  proportion  in  thick- 
ness to  the  wood,  even  when  it  makes  an  equal  amount  of  annual 
growth. 

226.  The  three  parts  of  the  bark  (214-217),  for  the  most  part 
readily  distinguishable  in  the  bark  of  young  shoots,  grow  indepen- 
dently, each  by  the  addition  of  new  cells  to  its  inner  face,  so  long  sis 
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it  grows  at  all.    The  green  layer  does  not  increiue  mt  all  af^er  the 
first  year ;  the  opaque  corky  layer  soon  excludes  it  from  the  light ; 
and  it  gradually  perishes,  never  to  be  renewed.     The  corky  layer 
conunonty  increa^e^  for  a  few  years  only,  by  the  formation  of  new 
tabular  cells  :  occasionally  it  takes  a  remarkable  development,  fonn- 
ing  the  eulMtance  called  Cot^  as  in  the  Cork  Oak.    A  eimilar  growth 
occurs  on  the  bark   of  several 
species  of  Elm,  of  our   Liquid- 
ambar  or  Sweet-Gum,  &«,,  pro- 
ducing thick  corky  plates  on  the 
branches.     In  the  Wbite  and  Pa- 
per Bircb,  thin  layers,  of  a  very 
durable   nature,  are  formed   for 
a  great  number  of  years;   each 
layer  of  tabular  and  firmly  cohe- 
rent cells  (Fig.  200,  a)  alternates 
with  a  thinner  stratum  of  delicate,  "•• 

somewhat  cubical  and  less  compact  cells  (fi),  which  break  up  into  a 
fine  powder  when  disturbed,  and  tdlow  the  thin,  paper-iike  plates  to 
exfoliate. 

227,  The  liber,  or  inner  bark  (215),  continues  to  grow  through- 
out the  life  of  the  tree,  by  an  annual  addition  from  the  cambium- 
layer  applied  to  its  inner  surface.  Sometimes  the  growth  is  plainly 
distinguishable  into  layers,  corresponding  with  or  more  numerous 
than  the  annual  layers  of  the  wood :  often,  there  is  scarcely  any 
trace  of  such  layers  to  be  discerned,  tn  composition  and  appearance 
the  liber  varies  gi-eatly  in  different  plants,"  especially  in  trees  and 
shrubs.  That  of  Bass-wood  or  Linden,  and  of  other  plants  with 
a  similar  fibrous  bark,  may  be  taken  as  best  representing  the  liber. 
Here  it  consists  of  strata  of  very  thick-walled  cells  alternating  with 
thinywalled  celb.  The  thick-walled  cells  are  bast-cella  (55,  Fig.  49, 
53),  are  much  elongated  vertically,  and  form  the  fibrous  portion  of 


*  The  best  Bcconnt  of  the  liber  that  has  yet  been  given  ia  that  by  Mohl^ 
in  the  Bctaaiicte  Zeilang,  Vol  13,  p  873  (1855),  of  which  a  French  Irans'laiion  is 
published  in  tUe  Aitaaies  (let  Sciencei  NalurtUts,  scr.  4,  Vol.  5,  p.  141,  cl  ecq. 
(I8S6). 

bighlj  nuffniaed ;  a^  tho  firm,  tabular  ttllj 
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the  bark.  The  thin-waUed  cells  aro  those  of  ordinaiy  parenchyma, 
mingled,  at  the  inner  part  of  each  stratum,  wilh  larger  and  longer 
ones,  marked  (on  eoroe  sides  at  least)  with  the  thin  and  reticulated 
spots  or  punctuations  already  described  (215).  Tliese  laat  mqy  ba 
termed  the  proper  cells  of  the  liber,  as  they  are  peculiar  to  thb  part 
of  the  bark,  are  seldom  if  ever  absent,  they  contain  an  abundance  of 
mucilage  and  proteine,  and  in  all  probability  they  take  the  principal 
part  in  the  descending  circulation  of  the  plant,  if  it  may  so  be  called, 
i.  e.  in  conveying  downwards  and  distributing  the  rich  sap  which  has 
been  elaboraied  in  the  folii^e.  It  is  evident  that  the  basl-cells, 
which  in  Linden  (Fig.  53)  are  seen  to  be  almost  s<)lid,  are  tiot 
adapted  to  this  purpose. 

228.  That  bast-cella  are  not  an  essential  part,  is  furthw  evident 
from  the  fact,  that  they  are  altogether  wanting  ia  the  bark  of  some 
plants,  and  are  not  produced  after  the  first  year  in  many  others.  The 
latter  is  the  ca$e  in  Negundo,  where  abundant  bast-cells,  like  thoie 
of  Bass-wood,  compose  Uie  exterior  portion  of  the  first  year's  liber 
(Fig.  194,  19o,  (),  but  none  whatever  is  formed  in  the  subsequent 
layers.  In  Beeches  and  Birches,  also,  a  few  bast-cells  are  produced 
the  first  year,  but  none  afterwards.  In  Maples  a  few  are  formed  in 
encceeding  years.  In  the  Pear  bast-cells  are  annually  formed,  but 
in  very  snuill  quantity,  compared  with  the  parenchymatous  part  of 
the  liber.  In  Pines,  at  least  in  "White  Fines,  the  bark  is  nearly  as 
homogeneous  as  the  wood,  the  whole  liber,  except  what  answers  to 
the  medullary  rays,  consistingof  one  kind  of  cells,  resembling  those 

of  bast  or  of  wood  in  fonji,  but  a^-ee^ 
ing  with  tbe  proper  liber-cells  in  their 
structure  and  markings.  Allhou^ 
Ihe  liber  of  Birch  produces  no  bast< 
c^ls  after  the  first  year,  it  abounds 
in  short  cells  equally  solidified  by  in- 
ternal deposition,  and  of  a  gritty  tex- 
ture, which  might  be  mistaken  for 
""  baslH^lls   on   the  cross-section  (Fig. 

201).     A  lon^tndinal  section  discloses  the  difierence. 

229.  The  bark  on  old  stems  is  constantly  decaying  or  felling  away 
from  the  surface,  without  any  injury  to  the  tree  ;  just  as  the  heart- 
wood  may  equally  decay  within  without  harm,  except  by  mecliani- 
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callj  impairing  the  strength  of  the  trunk*  Great  differences  are 
observable  as  to  the  time  and  manner  in  which  the  older  bark 
of  different  shrubs  and  trees  is  thrown  ofi,  according  to  the  ^^c- 
ture  in  each  species.  Some  trees  and  shrubs  have  their  trunks  in- 
vested  with  the  liber  of  many  years'  growth,  although  only  the  in* 
nermost  layers  are  alive ;  in  others  it  scales  off  much  earlier.  On 
the  stems  of  the  common  Honeysuckle,  of  the  Nine-Bark  (Spiitea 
opulifolia),  and  of  Grape-vines  (except  of  our  Muscadine  Grape), 
the  liber  lives  only  one  season,  and  is  detached  the  following  year, 
hanging  loose  in  papery  layers  in  the  former  species,  and  in  fibrous 
shreds  in  the  latter. 

230.~  While  the  newer  layers  of  the  wood  abound  in  crude  sap, 
which  they  convey  to  the  leaves  (224),  those  of  the  inner  bark 
abound  in  elaborated  sap  (79,  227),  which  they  receive  from  the 
leaves  and  convey  to  the  cambium-layer  or  zone  of  growth.  The 
proper  juices  and  peculiar  products  of  plants  (88)  are  accordingly 
found  in  the  foliage  and  the  bark,  especially  in  the  latter.  In  the 
bark,  therefore,  (either  of  the  stem  or  of  the  root,)  medicinal  and 
other  principles  are  usually  to  be  sought,  rather  than  in  the  wood. 
Nevertheless,  as  the  wood  is  kept  in  connection  with  the  bark  by 
the  medullary  rays,  many  products  which  probably  origiiiate  in  the 
former  are  deposited  in  the  wood.  . 

231.  The  Living  Parts  of  a  tree  or  Shnib,  of  the  Exogenous  kind,  are 
obviously  only  these :  —  1st.  The  summit  of  the  stem  and  branches, 
with  the  buds  which  continue  them  upwards  and  annually  develop 
the  foliage.  2d.  The  fresh  tips  of  the  roots  and  rootlets  annually 
developed  at  the  opposite  extremity.  3d.  The  newest  strata  of  wood 
and  bark,  and  especially  the  interposed  cambium-layer,  which,  annu- 
ally renewed,  maintain  a  living  communication  between  the  rootlets 
on  the  one  hand  and  the  buds  and  foliage  on  the  other,  however  dis- 
tant they  at  length  may  be.  These  are  all  that  is  concerned  in  the 
life  and  growth  of  the  tree ;  and  these  are  annually  renewed.  The 
branches  of  each  year's  growth  are,  therefore,  kept  in  fresh  commu- 
nication, by  means  of  the  newer  layers  of  wood,  with  the  fresh 
rootlets,  which  are  alone  active  in  absorbing  the  crude  food  of  the 
plant  from  the  soil.  The  fluid  they  absorb  is  thus  conveyed  directly 
to  the  branches  of  the  season,  which  alone  develop  leaves  to  digest 
it  And  the  sap  they  receive,  having  been  elaborated  and  converted 
into  organic  nourishing  matter,  is  partly  expended  in  the  upward 
growth  of  new  branches,  and  partly  in  the  formation  of  a  new  layer 
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of  wood,  reaching  from  the  highest  leaves  to  the  remotest  rootlets.* 
As  the  exogenous  tree,  therefore,*  annually  renews  its  buds  and 

»■      ■  -  -  - 

'  *  The  larors  of  wood  and  bark,  bj  which  the  exogenous  stem  annually  in- 
creases in  diameter,  are  formed  by  the  maltipHcation  of  the  cells  of  the  cambiam- 
layer  throughout  its  whole  extent.  That  the  organic  material  to  supply  this 
growth  in  ordinary  vegetation  descends  in  the  bark,  for  the  most  part,  and  that 
the  order  of  growth  in  the  formation  of  wood  is  from  above  downwards,  and 
also  the  general  dependence  of  this  growth  upon  the  action  of  the  foliage,  may 
be  inferred  from  a  variety  of  facts  and  considerations.  The  connection  of  the 
wood  with  the  leaves  is  shown  :  —  (1.)  By  tracing  the  threads  of  soft  woody 
Endogcns,  such  as  Yucca,  directly  from  the  base  of  the  leaf  into  the  stem,  and 
thence  downward  to  their  termination,  towards  which  they  become  attenuated, 
lose  their  vessels,  and  are  finally  reduced  to  slender  shreds  of  woody  tissue. 
(2.)  The  amount  of  wood  formed  in  a  stem  or  branch,  other  things  being  equal, 
is  in  a  relation  to  the  number  and  size  of  the  leaves  it  bears :  its  amount  in  any 
portion  of  the  branch  is  in  direct  proportion  to  the  number  of  leaves  above  that 
portion.  Thus,  when  the  leaves  are  distributed  along  a  branch,  it  tapers  to  the 
summit,  as  in  a  common  Reed  or  a  stalk  of  Indian  Com  ;  when  they  grow  in  a 
cluster  at  the  apex,  it  remains  cylindrical,  as  in  a  Palm  (Fig.  184).  Consequently 
the  increase  of  the  trunk  in  diameter  directly  coiTcsponds  with  the  number  and 
vigor  of  the  branches.  The  greater  the  development  of  vigorous  branches  on  a 
particular  side  of  a  trecj  the  more  wood  is  formed,  and  the  greater  the  thickness 
of  the  annual  layers  on  that  side  of  the  trunk.  (3.)  In  a  seedling,  the  wood 
appears  in  proportion  as  the  leaves  are  developed.  (4.)  If  a  young  branch  bo 
cut  off  just  below  a  node  (156),  so  as  to  leave  an  intemodo  without  leaves  or 
bud,  little  or  no  increase  in  diameter  will  ordinarily  take  place  down  to  the  first 
leaf  below.  But  if  a  bud  be  inserted  into  this  naked  intemode,  as  the  bud  de- 
velops, increase  in  diameter,  with  the  formation  of  new  wood,  recommences. 
That  the  formation  proceeds  from  above  downwards,  or  that  the  elaborated  sap 
which  furnishes  the  material  for  the  growth  is  difi^used  from  above  downwards, 
appears  from  the  efiect  of  a  ligature  around  exogenous  stems,  or  of  removing  a 
ring  of  bark.  It  is  a  familiar  fact,  that,  when  a  ligatare  is  closely  bound  around 
a  growing  exogenous  stem,  the  part  above  the  ligature  swells,  and  that  below 
does  not.  Every  one  may  have  observed  the  distortions  that  twining  stems  thus 
accidentally  produce  upon  woody  exogenous  trunks,  causing  an  enlaigement  on 
the  upper  side  of  the  obstruction.  When  the  stem  is  girdled,  by  removing  a 
ring  of  bark  so.  as  completely  to  expose  the  surface  of  the  wood,  the  part  above 
the  ring  enlarges  in  the  same  manner ;  that  below  does  not,  until  the  incision  is 
healed.  The  wood  of  the  roots  is  manifestly  formed  in  a  descending  direction. 
But  this  is  continuous  with  that  of  the  stem ;  and  its  first  layer,  the  extension  of 
the  wood  of  the  radicle  into  the  primary  root,  agrees  in  composition  with  the 
wood  of  the  succeeding  layers  in  the  stem,  having  no  spiral  vessels,  bat  only 
ducts.  Still,  whatever  analogy  there  may  be  between  the  growth  of  the  wood 
in  the  stem  and  of  roots,  there  is  no  real  basis  for  the  ingenious  conception  of 
Thonars  and  of  Gaudichaud,  that  wood  is  the  roots  of  buds  or  leaves,  or  that 
k  h  absolately  depeudent  upon  tliem  fqr  its  formation. -    . . 
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leaves,  its  wood,  bark,  and  roots, — everything,  ind(*ed,  that  is  con- 
cerned in  its  life  and  growth,  —  there  seems  to  be  no  reason,  no 
necessary  cause  inherent  in  the  tree  itself,  why  it  may  not  live  in- 
definitely. Accordingly,  some  trees  are  known  to  have  lived  for 
twelve  hundred  years  or  more ;  and  others  now  survive  which  are 
probably  above  two  thousand  years  old,  and  perhaps  much  older.* 
This  longevity  ceases  to  be  at  all  surprising  when  we  consider,  that, 
although  the  tree  or  herb  is  in  a  certain  sense  an  individual,  yet  it 
is  not  an  individual  in  the  sense  that  a  man  or  any  ordinary  animal 
is.     Viewed  philosophically, 

232.  The  Plant  is  a  Composite  Being,  or  community,  lasting,  in  the 
case  of  a  tree  especially,  through  an  indefinite  and  oflen  immense 
number  of  generations.  These  are  successively  produced,  enjoy  a 
term  of  existence,  and  perish  in  their  turn.  Life  passes  onward 
continually  from  the  older  to  the  newer  parts,  and  death  follows, 
with  equal  step,  at  a  narrow  interval.  No  portion  of  the  tree  is  now 
living  that  was  alive  a  few  years  ago ;  the  leaves  die  annually  and 
are  cast  off,  while  the  intemodes  or  joints  of  stem  that  bore  them,  as 
to  their  wood  at  least,  buried  deep  in  the  trunk,  under  the  wood 
of  succeeding  generations,  are  converted  into  lifeless  heart-wood,  or 
perchance  decayed,  while  the  bark  that  belonged  to  them  is  thrown 
off  from  the  surface.  It  is  the  aggregate,  the  blended  mass  alone, 
that  long  survives.  Plants  of  single  cells,  and  of  a  definite  form, 
alone  exhibit  complete  individuality ;  and  their  existence  is  ex- 
tremely brief.  The  more  complex  vegetable  of  a  higher  grade  is 
not  to  be  compared  with  the  animal  of  the  highest  organization, 
where  the  offspring  always  separates  from  the  parent,  and  the  indi- 
vidual is  simple  and  indivisible.  But  it  is  truly  similar  to  the  branch- 
ing or  arborescent  coral,  or  to  other  compound  animals  of  the  lowest 
grade,  where  successive  generations,  though  capable  of  living  inde- 
pendently and  sometimes  separating  spontaneously,  yet  are  usually 
developed  in  connection,  blended  in  a  general  body,  and  nourished 
more  or  less  in  common.  Thus  the  coral  structure  is  built  up  by 
the  combined  labors  of  a  vast  number  of  individuals,  —  by  the  suo- 


*  The  subject  of  the  longevity  of  trees  has  been  ably  discussed  by  De  Can. : 
dolle,  in  the  Bihliotheque  Universdie  of  Geneva,  for  May,  1831,  and  in  the  second 
Tolnme  of  his  Physiologie  V€g€lcde :  Also,  more  recently,  by  Professor  Alpbonse 
Do  CandoUe.    In  this  country,  an  article  on  the  subject  has  appeared  in  th^ 
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ces.<^ve  labors  of  a  great  number  of  generation?*.  The  surface  or  the 
recent  shoots  alone  are  alive  ;  and  here  liie  is  supei*ficial,  all  under- 
neath oonsifiting  of  the  dead  remains  of  former  generations.  Xhe 
arborescent  species  are  not  only  lifeless  along  the  central  axis,  but 
are  dead  thixNighout  towards  the  bottom ;  as,  in  a  genealogical  tree, 
only  the  later  ramiAcations  are  among  the  living.  It  is  the  same 
with  the  vegetable,  -except  that,  as  it  ordinarily  imlnbes  its  nourish^ 
ment  mainly  from  the  soil  through  its  roots,  it  makes  a  downward 
growth  also,  and,  by  constant  renewal  of  fresh  tissues,  maintains  the 
communication  between  the  two  growing  extremities,  the  buds  and 
the  rootlets. 

233.  Individoality  being  imperfectly  realized  in  the  vegetable 
kingdom,  the  question  as  to  what  in  the  Phsenogamous  plant  best 
answers  to  the  animal  individual  is  speculative,  rather  than  practical, 
and  may  be  more  appropriately  noticed  in  another  place,  (Part  II. 
Chap.  I.) 

234.  Comparison  of  Endogenous  with  Exogenous  Stnietnre.    The  woody 

bundles  of  an  exogenous  stem  (Fig.  186-188)  continue  to  grow  on 
the  outer  side  as  long  as  the  plant  lives*  In  woody  trunks  they  at 
once  become  wedges  with  the  point  next  the  pith,  and  growth  pitn 
ceeds  indefinitely  by  the  stratum  of  perpetually  fenewed  tissue  on 
the  outer  face  between  the  wood  and  the  bark.  £acli  wedge  is 
separated  from  its  neighbor  on  both  sides  by  an  interposed  medul- 
lary ray^  and  is  composed  of  wood  on  the  inner  side,  liber  on  the 
outer,  and  cambium  or  forming  tissue  between.  Now  each  thread 
or  bundle  of  endogenous  wood  (204)  is  imposed  of  similar  or  anal- 
ogous parts,  sometimes  irregularly  intermixed,  but  more  commonly 
similarly  disposed.  That  is,  the  section  of  one  of  these  threads  ex- 
hibits woody  tissue  and  one  or  two  spiral  vessels  on  its  inner  b<^er, 
answering  to  the  proper  wood,  and  very  thick<^walled  elongated  cells, 
on  its  outer  border,  of  the  same  nature  as  the  bast-cells  of  Exf)gens ; 
and  between  the  two  is  a  stratum  of  cells  of  parenchyma  mixed  Mrith 
elongated  and  punctuated  cells  answering  to  the  proper  cells  of  the 
i^ner  part  of  the  liber..  The  porti<m  of  each  endogenous  thread, 
therefore,  which  looks  towards  th^  centre  of  the  trunk,  answers  to 
the  wood,  and  its  outer  portion  to  the  liber  or  inner  bark,  of  the  ex- 
ogenous stem ;  and  the  parenchyma  through  which  the  threads  are 
interspersed  answers  to  the  medullary  rays  and  pith  together.  The 
jhaiii  difference  between  the  endogenous  woody  threads  and  the  ex- 
ogenous woody  wedges  is,  that  there  is  fio  cambium-layer  in  the 
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former  between  the  liber  and  the  wood,  and  therefore  no  proTision 
for  increase  in  dianietar.  The  bundled  are  therefore  Btrictlj  limited, 
while  tliose  oi  Exogens  are  unlimited  in  groMrth.  In  Exogens  the 
woody  bundles  or  wedges,  symmetrioally  arranged  in  a  circle,  be- 
cotoe  cmifluent  into  a  sone  in  all  woody  and  most  herbaceous  stems, 
whid)  ccmtinues  to  increase  in  thickness.  In  Endogens  the  woody 
bundles  are  unchanged  in  size  after  their  formation,  but  new  and 
distinct  ones  are  formed  in  the*  growing  stem  with  each  leaf  it  de- 
velops, and  interspei^aed  more  or  less  irregularly  among  the  older 
bandies,         - 


CHAPTER     V. 

OF  THE  LEATE8. 

Sect.  L    Their  AnniiKaEMENT.    (Phtllotaxis,  etc.) 

235.  The  situation  of  leaves^  as  well  as  their  general  office  in  the 
T^etable  economy,  and  several  of  their  special  adaptations,  has 
already  been  slated.  Leaves  invariably  arise  from  the  nodes  (156), 
just  below  the  point  where  'buds  appear.  So  that  wherever  a  bud 
or  branch  is  found,  a  leaf  exists,  or  has  existed,  either  in  a  perfect  or 
rudimentasy  state,  just  beneath  it ;  and  bods  (and  therefore  branch- 
es), on  the  vother-  hand,  are  or  may  be  developed  in  the  axils  of  all 
leaves,' and  do  n^t  normaHy  exist  in  any  other  situation.  The  point 
of  attachment  of  a  leaf  (or  other  organ)'  with  the  stem  is  termed  its 
inmriion*  ^The  subject  o£  the  arrangement  of  leaves  on  the  stem  has 
received  the  name  of . 

2S6.  PhyllotUis  (from  two  Greek  words,  signifying  kaf-arrange' 
ment)k 

-  287. -•  As  to:  their 'general  position,  leaves  are  either  €dternaie,  oppo^ 
nte^-ef'  vertidUate*  ■-  Th^  are-  sud  to  -be  akemaie  (127,  and  Fig. 
1^1,  157,  204)  when  there  is  only  one  to  each  node,  in  which 
case"  the  successive 'leaveaf  are  thrown*  alternately  to  different  sides' 
of  the  stem.  They  are  said  to  be  opposite  wheii  each  node  bears 
a  pair  of  leaved,  in  which  case  the  two  leaves  always  diverge 
fixHU  each  other  as  vridely  as  possible,  that  is,  they  stand  on  opposite 
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Bides  of  the  ntem  nnd  point  in  opposite  directions  (127,  Fig.  107, 
210,  &c.).  They  are  vtrficiihie,  or  ioA<wiferf,  when  there  nre  three  or 
more  leaves  in  a  circle  (verticil  or  whorl)  upon  eacli  node  ;  in  which 
case  the  several  leaves  of  the  circle  diverge  from  each  other  «s  much 
as  possible,  or  nre  equably  distributed  around  the  whole  eircumfer" 
ence  of  the  axi*  (Fig.  134,  211).  The  firfit  of  the  three  is  the 
simplest  as  wtU  as  the  commonest  method,  occurring  as  it  does  in 
almost  every  IklonocotyledononB  plant  (where  it  is  plainly  the  normal 
mode,  128),  and  in  the  larger  number  of  Dicotyledonous  plants 
likewise,  after  the  first  or  second  nodes  (Fig.  Ill*,  121).  It 
shoulil  therefore  be  first  examined. 

^  238.  Alternate  LeiTn.      This  general  term 

for  the  ca^e  where  leaves  are  placed  one  after 
another,  obviously  comprises  a  variety  of 
.modes  as  to  the  particular  position  of  succes- 
sive leaves.  There  is,  first,  the  case  to  which 
the  name  b  most  applicable,  viz.  where  the 
leaves  are  aUemateJy  ditpoted  on  eraetly  op- 
potile  lidet  of  the  tlem  {as  in  Fig.  157)  ;  the 
second  leaf  being  on  the  side  farthest  from  the 
first,  while  the  third  is  equally  distant  from 
the  second,  and  is  consequently  placed  directly 
over  the  first,  the  fourth  stands  over  the 
second,  and  so  on  throughout.  Such  leaves 
are  accordingly  dtttiehotu  or  tieo-ranked.' 
They  form  two  vertical  rows ;  on  one  side 
are  the  1st,  Sd,  5th,  7th,  Ac.;  on  the  op- 
posite side  are  the  2d,  4th,  6th,  8th,  and  so 
'  on.  This  mode  occurs  in  all  Grasses,  in  many 
other  Monocotyledonous  plants,  and  among 
the  Dicotyledonous  in  the  Linden.  A  second 
mode  is 

239.  The  tristiehout  or    three-ranked  ax- 
'"  rangement,  which  is  seen  in  Sedges.  (Fig. 

*  In  the  conne  of  the  nimmcr  the  leavesof  Baptisis  perfoliala,  vhich  *n 
reaUj  five-ranked,  often  appear  to  b«  momatichoia,  or  on^nuilad;  bat  thia  u 
owing  to  B  torsion  of  (he  axis. 

Flo.  SUZ.    PI«aorBiUlk,wlth  tb*  ihaltalDg  buea of  Uis  le»«,orK&tdEM]na(Cu» 
Crus-cDrrl},  thowlng  ths  thtiH-nnkAd  UTUgHaoit-    203.  Diignm  of 
«ui*,  ■howloc  Cvo^cLa  gT  1c«Hl  -    ^  -  ^,  ■    -     ._.-., 
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202)  and  some  other  Monocotyledonous  plants.  Taking  any  leaf  we 
please  to  begin  with,  and  numbering  it  1,  we  p&ss  round  one  third  of 
the  circumference  of  the  stem  as  we  ascend  to  leaf  No.  2  ;  another 
third  of  the  circumference  brings  us  to  No.  3 ;  another  brings  us 
round  to  a  point  exactly  over  No  1,  and  here  No.  4  is  placed.  No.  5 
is  in  like  manner  over  No.  2,  and  so  on.  They  stand,  therefore,  in 
three  vertical  rows,  one  of  which  contains  the  numbers  1,  4,  7,  10; 
another,  2,  5,  8,  11 ;  the  third,  3,  6,  9,  12,  and  so  on.  If  we  draw  a 
line  from  the  insertion  of  one  leaf  to  that  of  the  next,  and  so  on  to 
the  third,  fourth,  and  the  rest  in  succession,  it  will  be  perceived  that 
it  winds  around  the  stem  spirally  as  it  ascends.  In  the  first  or  dis- 
tichous mode,  the  second  leaf  is  separated  from  the  preceding  by  half 
the  circumference  of  the  stem ;  and,  having  completed  one  turn 
round  the  stem,  the  third  begins  a  second  turn.  In  the  tristichous, 
each  leaf  is  separated  from  the  preceding  and  succeeding  by  one 
third  of  the  circumference,  there  are  three  leaves  in  one  turn,  or 
cycle^  and  the  fourth  commences  a  second  cycle,  which  goes  on  in 
the  same  way.  Tliat  is,  the  angtdar  divergence^  or  arc  interposed 
between  the  insertion  of  two  successive  leaves,  in  the  fii'st  is  j-,  in  the 
second  -J,  of  the  circle.  These  fractions  severally  represent,  not 
only  the  angle  of  divergence,  but  the  whole  plan  of  these  two  modes ; 
the  numerator  denoting  the  number  of  times  the  spiral  line  winds 
round  the  stem  before  it  brings  a  leaf  directly  over  the  one  it  began 
with ;  while  the  denominator  expresses  tlie  number  of  leaves  that 
are  laid  down  in  this  course,  or  which  form  each  cycle.  The  two- 
ranked  mode  {^)  is  evidently  the  simplest  possible  case.  Thie  three- 
ranked  (0  is  the  next,  and  the  one  in  which  the  spiral  cliaracter  of 
the  arrangement  begins  to  be  evident.     To  this  succeeds 

240.  The  pentastickotis,  qutncuneial,  or  five-ranked  arrangement 
(Fig.  204,  205).  This  is  much  the  most  common  case  in  alternate- 
leaved  Dicotyledonous  plants.  The  Apple,  Cherry,  and  Poplar 
afford  ready  examples  of  it  Here  there  are  five  leaves  in  each 
cycle,  since  we  must  pass  on  to  the  sixth  before  we  find  one  placed 
vertically  over  the  first  To  reach  this,  the  ascending  spiral  line  has 
made  two.  revdutions  round  the  stem,  and  (m  it  the  five  leaves  are' 
equably  distributed,  at  intervals  of  f  of  the  circumference.  The 
fraction  f  accordingly  expresses  the  angular  divergence  of  the  sue- 
cessive  leaves  ;  the  numerator  indicates  the  number  of  turns  made 
in  completing  the  cycle,  and  the  denominator  gives  the  number  of 
leaves  in  the  cycle^  or  the  number  of  vertical  ranks  of  leaves  on  such 
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a  stem.    If  we  shprten  the  axis,  as  it  was  in  the  bud,  or  make  a 
•M  horizontal  plan,  we  have 

the  parts  disposed  as  in  the 
diagram,  Fig.  206,  the  low- 
er leaves  being  oi  course 
the  exterior. 

241*  The  eigkt'Tanked 
amuigoment,  the  next  in 
order,  is  likeMdse  not  un- 
common. It  is  found  in 
the  Holly,  the  Callistemon 
of  our  conservatories,  the 
Aconite,  the  tufi  of  leaves 
at  the'  base  of  the  common 
Plantain,  &c  In  this  case  the  ninth  leaf  is 
placed  over  the  first,  the  tenth  over  the  second, 
and  so  on ;  and  the  spiral  lino  makes  three  turns 
in  laying  down  the  cycle  of  eight  leaves,  each 
separated  from  the  preceding  by  an  arc,  or  an* 
gular  divergence,  of  ^  of  the  circumference. 

242,  AU  these  modes,  or  nearly  all  oi  them, 
were  pointed  out  by  Bonnet  as  long  ago  as  the  middle  of  the  last 
century ;  but  they  have  recently  been  extended  and  generalized,  and 
the  mutual  relations  of  the  *  various  methods  brought  to  light,  by 
Schimper;  Bxaun,  and  others.  If  we  write  down  in  order  the  series 
of  fractions  which  represent  the  simpler  forms  of  phyllotaxis  already 
noticed,  as  determined  by  observation,  viz.  ^j  ^,  f ,  f ,  we  can  hardly 
fail  to  perceive  the  relation  that  they,  bear*  to  each  othen  For  the 
numerator  of  each  is  composed  of  the' sum' of  the  numerator  of  the 
two  preceding  fraeticms,  and  the  den<Mninat<Mr  of  the  sum  of  the 
two  preceding  denominators.  Also  the  numerator  of  each  fraction  is 
the  denominator  of  the  next  but  one  preceding.  .  Extending  this 
series,  *we  obtain  the*  further  terms,  -f^,  /f,  ^,  f^,  &c.  -  Now  these 
numbers  are  verified  by  observatbn,  and^  with. some  abnormal  excep- 
tions, this  series  i,  i,  f,  |,  t^  ]ftr,  ^,  fi,  comiwises  all  tke  vacia- 

yiO.  2M.    A  branch  exhibiting  the  flve-ranlced  arrangement  of  leaTes. 

no.  90&.  magma  ef  tlw  nae:  a  aplnl  line  la  drawn  aaoending,  tb«  Mmh  and  paaMiig 
through  the  succeasiTe  acan  which  mark  the  positton  of  the  ieayea  fron^  1  to  6.  It  is  made  a 
dotted  line  where  it  pansea  on  the  opposite  Pide  of  the  stem,  and  the  scars  2  and  5,  which  fall 
on  that  side,  are  made  fainter.  206.  A  plane,  horlaontnl  prdiJectiOB  of  the  same ;  the  dotted 
Mne  passing  fhyn  the  edge  of  the  first  leaf  to  the  second,  and  .so  on  ta  the  fifth^Jeaf^wUch 
eompletea  the  cycle }  aa  the  9ixth  would  come  directly  before,  or  within,  the  tifIL 
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tiona  of  the  arrangement  of  alternate  leaves  that  actuallj  occur. 
Thesff  higher  forms  are  the  most  common  where  the  leaves  are 
crowded  on  the  siem,  as  in  the  rosettes  of  the  Houseleek  (Fig  207), 
and  the  scales  of  the  Pine-cones  (for  the  ar- 
rangement extendi  to  all  part«  that  are  modifi- 
cations of  leaver),  or  where  thej  are  numerous 
and  email  in  proportion  to  the  circumference  of 
the  Btem,  as  the  leaves  of  Firs,  &e.    In  bet, 
when  the  intemodes  are  long  and  the  base  of 
the  leaves  bi^  in  proportion  to  the  size  of  the 
item,  it  is  difficult,  and  often  impoesiUe,  to  tell 
whether  the  9th,  14th,  or  32d  leaf  eUnda  ex-  *" 

actlf  over  the  first.  And  when  the  intemodes  are  very  ghort,  fo 
that  the  leaves  touch  one  another,  or  nearly  so,  we  may  readily  per> 
ceive  what  teflve^  are  superposed ;  but  it  is  then  difficult  to  follow 
the  succession  of  the  intermediate  leaves.  The  order,  however,  may 
be  deduced  by  iiimple  processes. 

■  '243.  Sometimes  we  can  readily  count-  the  number  of  vertical 
ranks,  which  gives  the  denominator  of  the  traction  sought.  Thus,  if 
there  are  eight,  we  refer  the  case  to  the  |  arrangement  in  the  regu- 
lar series ;  if  there  are  durteen,  to  the  ■f'j  arrangement,  and  so  on. 
Cmnmonly,  however,  when  the  leaves  are  crowded,  the  vertical  ranks 
are  by  no  means  so  manifest  ae  two  or  more  orders  of  oblique  serie.*, 
or  tetondaiy  tpirait,  which  are  at  Once  seen  to  wind  round  the 
axis  in  oppo^te  directions,'  as  in '  the  HoOseleek  (Fig.  207  ;  where 
the  numbers',  1,  fi,  11  belong  to  a  fi|Hre  that  winds  to  the  lefl;  1, 
9,  17  to  another,  which  winds  to  the  right;  and  3,  6,  9,  12  to  still 
another,  that  winds  in  the  same  direction)  ;  they  are  stHl  more  ob- 
vious tn  Knenxmes  (Fig.  208,  209).  These  oblique  spiral  ranks 
are  a  necessary  consequence  of  the  regular  ascending  arrangement 
of  parts  with  equal  intervals  over  the  drcumference  of  the  axb ;  and 
if  the  teaves  are  numbered  consecutively,  these  numbers  will  neces- 
sarily stand  in  arithmetical  pn^reasion  on  the  cAlique  ranks,  and 
have  <>erlain  obvious  relations  with  the  primary  spiral  which  origi- 
nates th«m  ;  as  will  be  seenl^  projecting  them  on  a  vertical  phme. 

'  244.  l^e,  for  example,  the  quincunical  (^)  arrangement,  where, 
aa'  in  the  annexed  diagram,  the  ascending  spiral,  as  written  on  a 
plane  surface,  appears  hi  the  numbers  1,  2,  3,  4,  5,  G,  and  so  on : 
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the  vertical  ranks  thus  formed,  beginning  with  the  lowest '  (which 

we  place  in  the  middle  column,  that  it 
may  correspond  with  the  Larch-cone,  Fig. 
208,  where  the  lowest  scale,  1,  is  turned, 
directly  towards  the  observer),  are  neces- 
sarily the  numbers  1,  6,  11 ;  4, 9,  14 ;  2,  7, 
12 ;  5,  10,  15 ;  and  3,  8,  13.  But  two 
parallel  oblique  ranks  are  equally  apparent, 
ascending  to  the  left ;  viz,  1,  3,  5,  which,  if  we  coil  the  diagram 
round  a  cylinder,  will  be  continued  into  7,  9,  11,  13,  15  ,  and  also 
2,  4,  6, 8, 10,  which  runs  into  12, 14,  and  so  on,  if  the  axis  be  further 
prolonged.  '  Here  the  circumference  is  occupied  by  two  secondary 
kf^-hand  series,  and  we  notice  that  the  common  difference  in  the 
sequence  of  numbers  is  two :  that  is,  the  number  of  the  parallel  sec- 
ondary spirals  is  the  same  as  the  common  difference  of  the  numbers 
on  the  leaves  that  compose  them.  Again,  there  are  other  parallel 
secondary  spiral  ranks,  three  in  number,  which  ascend  to  the  right ; 
viz.  1,  4,  7,  continued  into  10,  13  ;  3,  6,  9,  12,  continued  into  15  ; 
and  5,  8,  11,1 4,  &c. ;  where  again  the  common  difference,  3,  accords 
with  the  number  of  such  ranks.  This  fixed  relation  enables  us  to 
lay  down  the  proper  numbers  on  the  leaves,  when  too  crowded  for 
directly  following  their  succession,  and  thus  to  ascertain  the  order  of 
the  primary  spiral  series  by  noticing  what  numbers  come  to  be  super- 
posed in  the  vertical  ranks.  We  take,  for  example,  the  very  simple 
cone  of  the  small-fruited  American  Larch  (Fig.  208),  which  usually 
completes  only  two  cycles ;  for  we  see  that  the  lowest,  one  interme- 
diate, and  the  highest  scale,  on  the  side  towards  the  observer,  stand 
in  a  vertical  row.  Mari^ing  this  lowest  scale  1,  and  counting  the 
parallel  secondary  spirals  that  wind  to  the  left,  we  find  tliat  two 
occupy  the  whole  circumference.  From  1,  we  number  on  the  scales 
of  that  spiral  3,  5,  7,  and  so  on,  adding  the  common  difference  2,  at 
each  step.  Again,  counting  fix)m  the  base  the  right-hand  secondary 
spirals,  we  find  three  of  them,  and  therefore  proceed  to  number  the 
lowest  one  by  adding  this  common  difference,  viz.  1, 4, 7, 1 0 ;  then,  pass- 
ing to  the  next,  on  which  the  No.  3  has  already  been  fixed,  we  carry 
on  that  sequence,  6,  9,  &c. ;  and  on  the  third,  where  No.  5  is  already 
fixed,  we  continue  the  numbering,  8,  1 1,  &c  This  gives  us,  in  the 
vertical  rank  to  which  No.  1  belongs,  the  sequence  1,  6,  11,  showing 

.  FIO.  208.    A  cone  of  the  etmall-fruitecl  Americaa  Larch'  {ImAx  Americana),  with  the  scalec 
Bombered,  exhibitins  the  fire-raakeU  arxangement,  as  ia  the  annexed  diagram. 
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that  the  (urangement  it  of  the  quincuncifll  (J)  order.  It  is  further 
noticeable,  that  the  smaller  number  of  parallel  Eecomlary  Bpirals,  2, 
agrees  with  the  numerator  of  the  fraction  in  this  the  {  arrangement ; 
and  that  this  number  added  to  tlmt  of  the  parallel  sectmdary  epirals 
which  wind  in  the  opposite,  direct  ion,  vii,  3,  gives  the  denominator 
of  the  fraction.  Tliis  holds  good  throughout;  so  that  we  have  only 
(o  count  the  number  of  parallel  secondary  spirals  in  the  two  direc- 
tions, and  assume  the  smaller  number  as  the  numerator,  and  the  siun 
Vertica]  Pivjedion  Vertical  Projmam  of  Uu  -^ 
of  the  -I  ArraKffe-  Anani/tniaa. 


of  this  and  the  larger  number  as  the  denominator,  of  the  fraction 
which  expresses  the  angular  divergence  sought.     For  this  we  must 

(lotted  Udm  aMnxllDe  to  th«  right;  tno  of  the  five  that -Ind  In  tbe  opposlle  dir«tion  ira 
»lw  muktil  nith  dotttd  IImb  :  Itir  k(  iiith  th»  rommon  difleivnre  S,  In  one  dirHtion,  and 


140  THE    LKAVnS. 

take,  however,  the  order  of  seconAiry  spirals  nearest  the  vertical 
rank  in  each  direction,  when  there  are  more  than  two,  as  there  are 
in  all  the  succeeding  cases. 

24o  A  similar  diagram  of  the  f  arrangement  introduces  a  set  of 
secondary  spirals,  in  addition  to  the  two  foregoing,  ascending  in  a  near- 
er approach  to  a  vertical  line,  and  with  a  higher  common  difference, 
viz*  5.  There  are  accordingly  five, of  this  sort,  viz.  thase  indicated 
in  the  diagram  by  the  series  1,  6,  11, 16  ;  4,  9,  14,  19,  24 ;  2,  7,  12, 
17, 22  ;  5, 10, 15,  20^  25  ;  and  3, 8, 13, 18,  23.  The  highest  obvious 
spiral  in  the  opposite  direction,  viz.  that  of  which  the  series  1,  4,  7, 
10,  13  is  a  specimen,  has  the  common  difference  3,  and  gives  the 
numerator,  and  3  -|-  5  the  denominator,  of  the  fraction  f .  The  next 
ca«e,  yjy,  which  is  exemplified-  in  the  rosettes  of  the  Houseleek  (Fig. 
207)  and  in  the  cone  of  the  White  Pine  (Fig.  209),  introduces  a 
fourth  set  of  secondary  spirals,  eight  in  number,  with  the  common 
difference  eight,  viz.  that  of  which  the  series  1,  9,  17^  25  is  a  repre- 
sentative. The  set  that  answers  to  this  in  the  opposite  direction, 
viz.  1,  6,  11,  16,  21,  26,  with  the  common  difference  5,  gives  the 
numerator,  and  5  -[-  8  the  denominator,  of  the  firaction  ■^.  We  may 
here  compare  the  diagram  with  an  actual  example  (Fig.  209) :  a 
part  of  the  numbers  are  of  course  out  of  sight  on  the  other  side  of 
the  cone.     The  same  laws  equally  apply  to  the  still  higher  modes. 

.  246.  The  order  is  uniform  in  the  same  species,  but  oflen  various 
in  allied  species.  Thus,  it  is  only  f  in  our  common  American  Larch ; 
in  the  European  species,  /^ .  The  Wliite  Pine  iB  y^y,  as  is  also  the 
Black  Spruce  ;  but  other  Pines  with  thicker  cones  exhibit  in  differ- 
ent species  the  fractions  ^,  ^4  and  f ^.  Sometimes  the  primitive 
spiral  ascends  from  lea  to  right,  sometimes  from  nght  to  left  One 
direction  or  the  other  generally  prevails  in  each  species,  yet  both 
directions  are  not  unfrequently  met^'with,  even  in  different  cones  of 
the  same  tree. 

247.  When  a  branch  springs  from  a  stem  or  parent  axis,  the  spi- 
ral is  continued  from  the  leaves  of  the  stem  to  those  of  the  branch,  so 
that  the  leaf  from  whose  axil  the  branch  arises  begins  the  spire 
of  that  branch.  When  the  spire. of  the  branch  turns  in  the  same 
direction  as  that^of  the  parent  axis,  as  it  more  commonly  does,  it  is 
said  to  be  homodromous  (from  two  Greek  words,  signifying  like 
course)  :  when  it  turns  in  the  opposite  direction,  it  is  said  to  be 
heterodromous  (or  of  different  course), 

248.  The  cases  repi*esented  by  the  fractions  j^,  ^,  and  §  are  the 
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most  Btable  and  certain,  as  well  as  the  easiest  to  oWrve.  In  the 
higher  forms,  the  exact  order  of  saperposition  often  becomes  uncer* 
tain,  owing  to  a  slight  torsion  of  the  axis,  or  to  the  diflicalty  of 
ol^erving  whether  the  9th,  14th,  22d,  d5th,  or  56th  leaf  is  trulj 
over  the  first,  or  a  little  to  the  one  side  cr  the  other  of  the  vertical 
line.  Indeed,  if  we  express  the  angle  oi  divergence  in  degrees  and 
minute?,  we  perceive  that  the  difference  is  so  small  a  part  of  the 
circumference,  that  a  very  slight  change  will  substitute  one  order  for 
another.  The  divergence  in  i^  *<•  138**  24^  In  all  those  beyond, 
it  is  137^  plus  a  variable  number  of  minutes,  which  approaches 
nearer  and  nearer  to  S(y.  Hence  M.  Bravais  considers  all  these  as 
mere  alterations  of  one  typical  arrangement,  namely,  with  the  angle 
of  divergence  137^  SO'  28'^,  which  is  irrational  to  the  circumference, 
that  is,  not  capable  of  dividing  it  an  exact  number  of  times,  and  con« 
sequently  never  bringing  any  leaf  precisely  in  a  right  line  over  any 
preceding  leaf,  but  placing  the  leaves  of  what  we  take  for  vertical 
ranks  alternately  on  both  sides  of  this  line  and  very  near  it,  approach- 
ing  it  more  and  more,  without  ever  exactly  reaching  it.  These 
forms  of  arrangement  he  therefore  distinguishes  as  curviserial^  be- 
cause  the  leaves  are  thus  disposed  on  an  infinite  curve^  and  are 
never  brought  into  exactly  straight  ranks.  The 
others  are  correspondingly  termed  rectisertaly 
because,  as  the  divergence  is  an  integral  part 
o^  the  circumference,  the  leaves  are  necessarily 
brought  into  rectilineal  ranks  f<u*  the  whole 
length  of  the  stem. 

249.  A  different'  series  of  spirals  sometimes 
occurs  in  alternate  leaves,  viz*  },  -},  f ,  -^ ;  and 
still  others  have  been  detected;  but  these  are 
rare  or  exceptional  cases.      *    - 

250.  Opposite  Learn  (237,  Fig.  210).  In 
these,  almost  without  exception,  the  second  pair 
is  placed  over  the  intervals  of  the  first,  the  third 
over  the  intervals  of  the  second,  and  so  on. 
More  commonly,  as  in  plants  of  the  liabiate 
or  Mint  Family,  the  successite  fairs  cross  each 
other  exactly  at  right  angles,  so  that  the  third 
pair  stands  directly  over  the  first,  the  fourth 
over  the  second,  &c.,  forming  four  equidistant  vertical  ranks  for  the 

710.  210     Ppp«rfU  iMVft  pr  til*  Stnwbanry-buBh,  9r  ISom^oi 
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whole  length  of  the  stem.  In  this  case,  the  leaves  are  sidd  to  be 
deeit$»ate.  In  other  case<t,  a^  in  the  Pink  Family,  often  the  succes- 
sive pairs  deviate  a  little  from  this  line,  so 
that  we  have  to  pass  several  pairs  before  Tre 
reach  one  exactly  superposed  over  the  pair 
we  start  with.  This  indicates  a  spiral  ar- 
rangement, which  fidls  into  some  one  of  the 
modes  already  illustrated  in  alternate  leaves* 
only  that  here  each  node  bears  a  pair  of 
leaves. 

251.  Tertieillate  or  Whorled  Leaves  (Fig.  211) 

follow  the  same  modes  of  arrangement  as  op«- 
posite  leaves.     Sometimes  they  decusscUe,  or  the  leaves  of  one  whorl 
correspond  to  the  intervals  of  that  underneath,  making  twice  ad 
many  vertical  ranks  as  thero  are  leaves  in  the  whorl ; 
sometimes  they  wind  spirally,  so  that  each  leaf  of  the 
wh(»'l  belongs  to  as  many  parallel  spirals,  analogous 
to  the   secondary  spirals   in  the  case  of  alternate 
leaves. 

252.  The  opposition  or  alternation  of  the  leaves  is 
generally  constant  in  the  same  species,  and  often 
through  the  same  family ;  yet  both  modes  occasionally 
occur  on  the  same  stem,  as  in  the  common  Snap- 
dragon and  the  Myrtle.  All  Exogens,  having  their 
cotyledons  opposite,  necessarily  commence  with  that 
mode  (Fig.  103  - 125)  ;  many  retain  it  throughout ; 
others  change  to  alternation,  either  directly  in  the 
primordial  leaves  (Fig.  Ill*,  121),  or  at  a  later 
period.  In  Endogens,  on  the  contrary,  the  first  leaves 
are  necessarily  alternate  (128),  and  it  is  seldom  that 
they  afterwards  exhibit  opposite  or  whorled  leaves. 
The  Pine  in  germination  commences  with  a  whorl  of 
leaves  (Fig.  133,  134)  ;  but  the  subsequent  ones  are 
alternate.  The  Pine,  however  (Fig.  212),  and  the 
Larch,  bear  what  are  termed  **' 

253.  Fascieied  Leaves.     These  are  really  the  leaves  of  an  axil- 
lary bud.     They  remain  in  a  tuft  or  cluster  because  the  axis  of 

no.  211.    Verticillate  or  whorled  leares  of »  Gsliam  or  Bedstraw. 

FIG.  212.  Piece  of  a  branchlet  of  Pitch  Pine,  with  three  leaves  in  a  fiMicle  or  handle  in 
the  axil  of  a  thin  scale  (a)  which  answers  to  a  primary  leaf.  The  bundle  is  surrounded  at  the 
base  by  »  ahott  <ho>th,  formed  of  th«  drikate  •QalsS;Of  the  axillary  bad. 
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the  bud  does  liot  lengthen.     This  is  plainly  seen  in  the  ipring 
leaves  of  the  BarbeiTy  and  of  the  Larch  (Fig.  213),  crowded  Mt 
sliort  spurs,  Eome  of  which  soon  elongate  into  ordinary  shopta  with 
scattered  alternate  leavet'.     Their 
nature  is  less  evident  in  Pines,  on 
account  of  the  peculiar,  character  of 
the  leaves  of  the  mam  axis,  from 
whoie  axil  the  tufl  of  two,  three,  or 
five  leaves  arises,  the  primary  leaf 
in  this  case  being  a  thin  and  chafiy 
scale  (Fig.  212,  a)  which  boob  falls 
ofT,  wbde  tlie  actual  foliage  all  be- 
longs to  the  axillary  clusters.    So  in  the  common  Barberry  the  prop- 
er  leaves  of  the  lengthened  stems  are  chiefly  in  the  form  of  spines 
(Fig.  !f96),  and  the  actual  foliage  appears  in  fascicles  in  their  axils. 

254.  As  regards  their  general  position  on  the  stem,  leaves  are  said 
to  be  radical,  when  they  are  home  on  the  stem  at  or  below  the  sui^ 
(ace  of  the  ground,  so  as  apparently  to  grow  from  the  root,  as  those 
of  the  Bloodroot,  Plantain,  Primrose,  and  of  the  acaulescent  (154) 
Violets :  those  that  arise  along  the  main  stem  are  termed  cauline  ; 
those  of  the  branches,  rameal ;  and  those  which  stand  upon  or  at 
the  base  of  flower-branches  are  called  jhral ;  the  latter,  moreover, 
are  generally  termed  hraett. 

255.  With  reapect  to  succession,  those  leaves  wluch  manifestly 
exist  in  the  embryo  are  called  temtTwl;  the  first  or  original  pair 
receiving  the  name  of  coli/ledoru  (120),  and  usually  differing  wide- 
ly in  appearance  from  the  ordinary  leaves  which  succeed  them. 
The  earliest  ordinary  leaves  are  termed  primordial.  These,  as  well 
as  the  cotyledons,  usually  perish  soon  after  others  are  developed  to 
supply  their  place. 

256.  As  perttuning  to  the  arrangement  of  leaves,  we  should  here 
notice  the  modes  in  which  they  are  disposed  before  expansion  in 
the  bud ;  namely,  their 

257.  Tenialioa  or  PrsfoliBlion.  The  latter  is  the  most  character- 
istic name,  but  the  former,  given  by  Linneus  (literally  denoting 
their  spring  state),  is  the  more  ancient  and  usual.  Two  things  are 
included  under  this  head  :  —  1st,  the  mode  in'whtch  each  leaf  con- 
^dered  separately  is  disposed ;  2d,  the  arrangement  of  die  sevend- 

Fia  213.    PlMtofabnuehM^UML>nb,wltbtwabHklHaf iHna. 
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leaves  of  the  same  bud  in  respect  to  each  other.  This  last  is  evi- 
dently connected  with  phyllotaxts,  or  their  position  and  order  of 
succession  on  the  stem.  As  to  the  first,  leaves  are  for  the  most 
part  either  bent  or  folded^  or  roUed  up  in  vematioD.  Thus,  the 
upper  part  may  be  bent  on  the  lower,  so  that  the  apex  of  the  leaf 
is  brought  down  towards  the  base,  as  in  the  Tulip^tree,  when  the 
leaves  are  inJUxed  or  recUnate  in  vernation ;  or  the  leaf  may  be 
folded  along  its  midrib  or  axis,  so  that  the  right  half  and  the  left 
half  are  applied  together,  as  in  the  Oak  and  the  Magnolia,  when 
the  leaves  are  condupltcoU  ;  or  each  leaf  may  be  folded  up  a  cer- 
tain number  of  times  like  a  fan,  as  in  the  Maple^  Currant,  .and  Vine, 
when  they  are  said  to  be  plicate  or  plaited.  The  leaf  may  be 
rolled  either  parallel  with  its  axis,  or  on  its  axis«  In  the  latter  case 
it  is  spirally  rolled  up  from  the  apex  towards  the  base,  like  a  crosier, 
or  ctrcinfiatej  as  in  true  Ferns  (Fig.  100),  and  among  l^hsenoga- 
mous  plants  in  the  Drosera  or  Sundew.  Of  the  former  there  are 
three  ways  ;  viz.  the  whc^e  leaf  may  be  laterally  rolled  up  from  one 
edge  into  a  coil,  with  the  other  edge  extericnr,  when  the  leaves  are 
said  to  be  canvoltUey  as  in  the  Apricot  and  Cherry ;  or  both  edges 
may  be  equally  rolled  towards  the  midrib ;  either  inwards,  when 
they  are  involute^  as  in  the  Violet  and  the  Water-Lily ;  or  else  outx 
wards,  when  they  are  revohde,  as  in  the  Rosemary  and  Azalea^  Fig. 
214-219  are  Linnaean  diagrams  of  sections  of  leaves,  illustrating 
the  principal  modes  of  vernation. 

258.  Considered  relatively  to  each  other,  leaves  are  valvate  in 

vernation  when  corresponding  ones  touch  each  other  by  their  edges 

SM  ««  «!•  only,  without  overlap- 

^^       fk        A  ^^tr^         P^^o*  *^®y  ^"^  imbri" 

J^^  I  if         /^^il      ^^^  when  the  outer 

^£^  ^n^JSsl  y^-^iJ      successively     overlap 

the  inner,  by  their 
edges  at  least,  in  which 
case  the  wder  of  over- 
lapping exhibits  the 
81T  ^  si8  phyllotaxis,   or   order 

of  succession  and  po- 
sition.    In  these  cases 
the  leaves  are  plane  or  convex,  or  at  least  not  much  bent  or  rolled* 

FIO.  214     CoDdnplicate ;  216.  FUcate  or  plaited ;  218.  Convol^to ;  217.  Be«K>late ;  218. 
JJiTolute ;  Mid,  219.  CUeinatef  TvrnatiOD. 
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When  leaves  with  their  margins  involute  are  applied  together  in  a 
circle  without  overlapping,  the  vernation  is  indupliccUe.  When,  in 
conduplicate  leaves,  the  outer  successively  embrace  or  sit  astride  of 
those  next  within,  the  vernation  is  equitant,  as  the  leaves  of  the  Iris 
at  their  base  (Fig.  296)  ;  or  when  each  receives  in  its  fold  the  half 
of  a  corresponding  leaf  folded  in  the  same  manner,  the  vernation  is 
half-equitant  or  obvolute.  These  terms  equally  apply  to  leaves  in 
their  full-grown  condition,  whenever  they  are  then  so  situated  as  to 
overlie  or  embrace  one  another.  They  likewise  apply  to  the  parts 
in  the  fiower-bud,  under  the  name  of  aestivation  or  prsefloration. 
Chap.  IX.  Sect.  V. 


Sect.  n.     Their  Structure  and  Conformation. 

259.  Anatomy  of  the  leaf*  The  complete  leaf  consists  of  the 
Blade  (Lamina  or  Limby  Fig.  229,  b),  with  its  Petiole  or  Leaf- 
stalky  Pj  and  "^t  its  base  a  pair  of  Stipules,  tt.  Of  these  the  latter 
are  frequently  absent  altogether,  and  in  many  cases  where  they 
originally  exist  they  fall  away  as  the  leaf  expands.  The  petiole  is 
very  often  wanting ;  when  the  leaf  is  sessile,  or  has  its  blade  rest- 
ing immediately  on  the  stem  that  bears  it  (as  in  Fig.  210,  211). 
Sometimes,  moreover,  there  is  no  proper  blade,  but  the  wliole  organ 
is  cylindrical  or  stalk-like.  It  is  the  general  characteristic  of  the  leaf, 
however,  that  it  is  an  expanded  body.  Indeed,  it  may  be  viewed  as 
a  contrivance  for  inci"easing  the  green  surface  of  a  plant,  so  as  to 
expose  to  the  light  and  air  the  greatest  practicable  amount  of  paren- 
chyma containing  the  gi'een  matter  of  vegetation  (chlorophyll,  92), 
upon  which  the  liglit  exerts  its  peculiar  action.  Leaves  as  foliage, 
accordingly,  are  what  we  are  now  principally  to  consider 

260.  In  a  general,  mechanical  way,  it  may  be  said  leaves  are  defi- 
nite protrusions  of  the  green  layer  of  the  bark,  expanded  horizon- 
tally into  a  thin  lamina,  and  stiffened  by  tough,  woody  fibres  (con- 
nected both  with  the  liber,  or  inner  bark,  and  the  wood),  which  form 
its  framework,  ribs,  or  veins.  Like  the  stem,  therefore,  the  leaf  is 
made  up  of  two  distinct  parts,  the  cellular  and  the  woody.  The 
cellular  portion  is  the  green  pulp  or  parenchyma :  the  woody,  is  the 
skeleton  or  framework  which  ramifies  among  and  stren<]:thens  the 
former.  The  woody  or  fibrous  portion  fulfils  the  same  purposes  in 
the  leaf  as  in  the  stem,  not  only  giving  firmness  and  support  to  the 
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dt^lirHte  celtiilnr  appn^ntn^  hnt  b1=o  ^er\-inn;  for  the  ronTPTnnre  imd 
distribution  of  the  in\\  The  subdivinion  of  these  rib$,  or  peins,  of 
the  lenf,  oa  they  are  not  inappropriately  called,  continnes  beyond 
tlie  limits  of  i]nas8isted  vision,  until  the  bundles  or  threads  of  woody 
tissue  are  reduced  to  very  delicate  fibres,  ramilied  throughout  the 
gi'een  pulp. 

261.  The  cellular  portion  of  the  leaf  conwsts  of  thin-walled  cells 
of  loose  parenchyma,  containing  grains  of  cAlorophyll,  to  which 
the  jTifen  color  of  foliaga  is  entirely  owing.  Hie  cells  are  not 
hea]>6d  promiscuously,  but  cxhitnt  a  regular  arrangement  i  upon  a 
plan,  loo,  which  varies  in  different  parts  of  the  leaf,  according  to  the 
different  conditions  in  which  it  is  placed. 

2C2.  Leaves  are  almost  always  expanded  horizontally,  so  as  to 
present  one  surface  to  the  ground  and  the  other  to  the  xky ;  and 
the  parenchyma  forms  two  general  strata,  one  belonging  to  the 
upper  and  the  other  to  the  lower  side.  The  microscope  displays  a 
manifest  difference  in  the  parenchyma  of  these  two  strata.  That 
of  the  upper  stratum  is  composed  of  one  or  more  compact  layers  of 
oblong  cell*,  placed  endwise,  or  with  their  long  diameter  perpen- 
dicular to  the  surface ;  while  that  of  the  lower  stratum  is  very  loosely, 
airanged,  leaving  numerous  vacant  spaces  between  the  cells ;  and 
when  the  cells  are  oblong,  their  longer  diameter  is  parallel  with  the 
epidermis.  This  is  shown  in  Fig.  7,  which  represents  a  magnified 
section  through  the  thickness  (perpendicular  to  the  surface)  of  a 
leaf  of  the  Star-Anise  of  Florida;  where  the  upper  stratum  of 
parenchyma  consists  of  only  a 
single  series  of  perpendicular 
J  cells.     Ako  in  Fig.  220,  which 

represents  a  similar  view  of  a 
thin  slice  of  a  leaf  of  the  Gar- 
I  den  BaUam.     Fig.  221   repre- 

sents a  piece  cut  out  of  a  leaf 
of  the  White  Lily  ;  where  the 
*  upper  stratum  is    composeil  of 

""  only  one  compact  layer  of  ver- 

tical cells.  The  parenchyma  is  alone  represented;  the  woody  por- 
tion, or  veins,  being  left  out.     The  more  compact  structure  of  the 

FIO  220.  MagnlSed miHod  (hntigh  tbathlckiisH  dT & l»f  of  th«  Onrdan Balnm :  a,  ho. 
UoB  of  the  tpldannli  of  (he  upper  aurfUc ;  A,  oT  tba  upper  ■cntum  of  pirendirinii ;  c,  of  tbt 
lunr  itnciiiii ;  d,  of  tbe  e^dumli  at  tlu  lamn  ivrttc*.    (Aftar  Bnmgnlut.) 
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upper  Mrntnm  shows  why  the  upper  surface  of  leaves  ia  of  a  deeper 
green  than  the  lower. 

263.  The  object  whicli  this  arrangement  subserves  will  nppenr 
evident,  when  we  consider  thnt  the  spaces  between  the  cellri,  filled 
with  air,  communicate  freely  with  each  other  ihroughout  the  leaf, 
nnd  also  wilh  the  external  air  by  rnean^  of  openings  in  the  epider- 
mis (presently  to  be  described)  ;  and  when  we  consider  the  powerful 
action  of  the  sun  to  promote  evaporation,  especially  in  dry  air;  and 
that  the  thin  walls  of  the  cell:*,  like  all  vegelnble  membrane,  allow 
of  the  free  escape  of  the  contained  moisture  by  transudHlion.  The 
compactne^  of  the  cells  of  that  stratum  which  is  presented  imme<li- 
ately  to  the  sun,  and  Iheir  vertical  elongation,  m  that  each  sliall 
expose  the  least  possible  surfiice,  obviously  serve  to  pralect  tlM 
loose  parenchyma  benenth  fi^m  the  too  powei-ful  action  of  direct 
sunshine.  This  provision  is  the  more  complete  in  the  case  of  plants 
which  retain  their  foliage  through  a  season  of  drought  in  arid  re- 
gions, where  the  soil  is  u<^ually  so  parched  during  the  dry  season, 
that,  for  a  long  period,  it  affords  only  a  scanty  supply  of  moisture  to 
the  roots.  Compare,  in  this  Tes|)cct,  a  leaf  of  the  Lily  (Fig.  221), 
where  the  upper  stratum  contains  but  a  single  layer  of  barely  oblong 
cells,  with  the  firm  and  more  enduring  leaf  of  the  Oleander,  the 


upper  stratum  of  which  consists  of  two  layers  of  long  and  narrow 
vertical  cells  as  closely  compacted  as  possible  (Fig.  222).     So  dif- 


nO.  121.    AmagnOtcd  nrtfcm  (hraagb  11 
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ferent  ia  the  organization  of  the  two  strata,  that  a  leaf  soon  perishes 
if  reverse<l  eo  as  to  cxpo.ie  the  lower  Burface  to  direct  sunshine. 

20-1.  A  further  ond  more  effectual  provision  for  restraining  the 
perspiration  of  leaves  within  due  limits  ia  found  in  the  Epidermis, 
or  skin,  that  invests  the  leaf,  as  it  doea  the  whole  Burf&ce  of  the  vege- 
table (C9),  and  which  ia  so  readily  detached  from  the  succulent  leaves 
of  8uch  plants  as  the  Stonecrop  and  the  Live-for-ever  (Sedum)  of 
the  gardens.     The  epidermis  is  compa.<ed  of  small  cells  belonging  to 
the  outermost  layer  of  cellular  tissue,  with  the  pretty  thick-sided 
walls  very  strongly  coherent,  so  as  to  form  a  ftrm  membrane.     It3 
cells  contain  no  chlorophyll.     In  ordinary  herbs  that  allow  of  ready 
evaporation,  this  membrane  is  made  up  <)f  a  single  layer  of  cells  ;  aa 
in  the  Lily,  Fig.  221,  and  the  Babam,  Fig.  220.     It  is  composed  of 
two  layers  in  cases  where  one  might  prove  insufficient ;  and  in  the 
Oleander,  besides  the  provision   gainst  too  copious  evaporation, 
already  described    (203),   the    epidermis    consists  of  three    com- 
pact  layers  of  very   ttuck^sided 
celb  (Fig.  222).     It  is  generaUy 
thick,  or  hard  and  impermeable, 
in  the  firm  leaves  of  the  Fitto- 
sporum,  Launistinus,   and  other 
'"'  plants,  which  will  thrive,  for  this 

very  reason,  where  tho.ie  of  more  delicate  foliage  are  liable  to  per- 
ish, in  the  dry  atmosphere  of  our  rooms  in  winter. 


"•!>#t-.4^: 


a)gmtlj  thickened  l>;siitnUI1KlilepiH<tioiiint1ie»n>: 
■wtnncarl;  flilej  with  tniucruptLng  d«paflH,  The  ddpo- 
ibir,  tearlDg  e4D»la  or  pavoaees  vbich  oeul j  «mii«c  tba 

norher  FperlH  of  (^utiu,  pasilDff  Uizovgh  Due  of  U»*  ato* 
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265.  In  such  firm  leaves,  especially,  the  walls  of  the  epidermal 
cells  are  soon  thickened  by  internal  deposition  (44),  especially 
on  the  superficial  side.  This  is  well  seen  in  the  epidermis  of  the 
Aloe,  and  in  other  fleshy  plants,  which  bear  severe  droujjht  with 
impunity :  in  Fig.  223,  it  is  shown,  at  a,  in  the  rind  of  a  Cactus, 
in  which  the  green  layer  of  the  whole  stem  answers  the  purpose 
of  leaves.  Sometimes  an  exterior  layer  of  this  superficial  deposit 
in  the  epidermis  may  be  detached  in  the  form  of  a  continuous,  ap- 
parently structureless  membrane,  which  Brongniart  and  succeeding 
authors  have  called  the  Cuticle.  That  it  may  shed  water  readily, 
the  surface  of  leaves  is  commonly  protected  by  a  very  thin  varnish 
of  wax,  or  else  with  a  hloom  of  the  same  substance  in  the  form  of  a 
whitish  powder,  which  easily  rubs  -off  (85),  as  ii  familiarly  seen  in  a 
Cabbage-leaf. 

2G6.  A  thickening  deposit  sometimes  takes  place  in  the  cells  of 
parenchjnoDia  immediately  underneath  the  epidermis,  especially  in 
the  Cactus  Family,  where  the  once  thin  and  delicate  walls  of  the 
cells  become  excessively  and  irregularly  thickened  (Fig.  223,  224), 
so  as  doubtless  to  arrest  or  greatly  obstruct  exhalation  through  the 
rind.  Something  like  this  choking  of  the  cells  must  commonly 
occur  with  age  in  most  leaves,  paiticularly  those  that  live  for  more 
than  one  season  (311). 

267.  But  the  multiplication  of  these  safeguards  against  exhalation 
might  be  liable  to  defeat  the  very  objects  for  which  leaves  are  prin- 
cipally destined.  Evaporation  from  the  parenchyma  of  the  leaves 
is  essential  to  the  plant,  as  it  is  the  only  method  by  which  its  exces- 
sively dilute  food  can  be  concentrated.  Some  arrangement  is  requi- 
site that  shall  allow  of  sufRcient  exhalation  from  the  leaves  while 
the  plant  is  freely  supplied  with  moisture  by  the  roots,  but  restrain 
it  when  the  supply  is  deficient  It  is  clear  that  the  greatest  demand 
is  made  upon  the  leaves  at  the  very  period  when  the  supply  through 
the  roots  is  most  likely  to  fail ;  for  the  summer's  sun,  which  acts  so 
powerfully  on  the  leaves,  at  the  same  time  parches  the  soil  upon 
which  the  leaves  ( through  the  rootlets)  depend  for  the  moisture  they 
exhale.  So  long  as  their  demands  are  promptly  answered,  all  goes 
well.  The  greater  the  force  of  the  sun's  rays,  the  greater  the  speed 
at  which  the  vegetable  machinery  is  driven.  But  whenever  the 
supply  at  the  root  fails,  the  foliage  begins  to  flag  and  droop,  as  is  so 
often  seen  under  a  sultry  meridian  sun  ;  and  if  the  exhaustion  pro- 
ceeds beyond  a  certain  point,  the  leaves  inevitably  wither  and  perish. 

13* 
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Some  adaptation  is  therefore  needed,  analogous  to  a  self-acting  valrey 
which  shall  regulate  the  exhalation  according  to  the  supply.  Such 
an  office  is  actually  fulfilled  by  ' 

268,  The  Stomatll,  StomateSy  or  Breathing^res  (70).  Through 
the  orifices  which  bear  this  name,  exhalation  principally  takes  place, 
in  all  ordinary  cases,  where  the  epidermis  is  thick  and  firm  enough 
to  prevent  much  escape  of  moisture  by  direct  transudation.     The 

stomata  (Fig.  225-228)  are  always  so 
situated  as  to  open  directly  into  the  hol- 
low chambers,  or  air-cavities,  which 
pervade  the  parenchyma  (Fig.  221), 
especially  the  lower  sti'atum,  so  as  to 
afford  free  communication  between  the 
external  air  and  the  whole  interior  of 
the  leaf.  The  perforation  of  the  epi- 
«85  dermis  is  between  two  (or  rarely  four) 

delicate  and  commonly  crescent-shaped  cells,  which,  unlike  the  rest 
of  the  epidermis,  usually  contain  some  chlorophyll,  and  in  other  re- 
spects resemble  the  parenchyma  beneath.  When  moistened  these 
guardian-cells  change  their  form,  becoming  more  crescentic  as  they 
become  more  turgid,  thereby  separating  in  the  middle  and  opening  a 
free  communication  between  the  outer  air  and  the  intericfr  of  tlie 
leaf.  As  they  become  drier,  they  shorten  and  straighten,  so  as  to 
bring  the  sides  of  the  two  into  contact  and  close  the  orifice.*  The 
use  of  this  mechanbm  will  be  readily  understood.    So  long  as  the  leaf 

*  Tbey  expand  and  contract  most  in  tiie  direction  of  their  length ;  and  the 
elongation  and  increased  curvature  when  moist  draws  in  the  concave  side  and 
so  enlai^s  the  aperture.  The  mechanism  of  the  opening  and  shutting  of  sto- 
mata has  been  recently  investigated  by  Mohl  (in  BoL  Zeitung  for  1856,  p.  697, 
—  an  abstract  of  the  memoir  is  given  by  C  F.  Stone  in  Amer.  Journal  of  Sci- 
ence for  March,  1857),  —  and  these  ^ts  verified.  The  peciihar  change  of  tho 
guardian-cells  in  form  seems  not  entirely  susceptible  of  mechanical  explanation, 
and. is  partly  controlled  (like  other  vegetable  movements)  by  the  Ught  of  the 
sun ;  but  it  mainly  depends  upon  endosmose.  Mohl  has  clearly  shown  that, 
while  the  guardian-cells  themselves  act  so  as  to  open  the  stomate  in  moisture 
and  close  it  in  dryness,  the  adjacent  cells  of  the  epiderinis  in  swelling  when 
moist  tend  to  close  the  stomate,  and  their  contraction  when  dry  to  open  it ;  — 
so  that  the  actual  position  at  any  time  is  a  resultant  of  nicely  adjusted  opposing 
forces. 


¥16.  225.    A  highly  ma^pnified  piece  of  the  epidermis  of  the  Garden  Balsam,  with  thret 
stomata  (after  Brongniart). 


TUEIR  STOMATA   OB    BREATHI NO-PORES. 
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h  in  a  moist  atmosphere,  and  is.  freely  Eupplied  with  sap,  the  sto- 
inates  remain  open,  and  allow  the  free  escape  of  moisture  hy  evap- 
oration. But  when  the  eupply  faiL^  and  tbe  parenchyma  begins  to 
be  exhausted,  tlie  guardianH3elIs,  at  least  equally  affected  by  the  dry- 
ness, promptly  collapse,  and  by  closing  these  thousands  of  apertures 
check  the  drain  the  moment  it  becomes  injurious  to  the  plant 

2G9.  As  a  general  rule,  the  stomata  wlxdly  or  principally  belong 
to  the  epidermis  of  the  lower 
surface  of  the  leaf:  the  mechan- 
ism is  too  delicate  to  work  well 
in  direct  sunshine.  Tbe  posi- 
tion of  tbe  stomata,  and  the 
looee  texture  of  the  lower  ps.- 
renchyma,  require  that  this  sur- 

&ce  should  be  shielded  from  the  snn's  too  direct  and  intense  action ; 
and  show  why  leaver  soon  j>emh  when  artificially  reversed,  and  pre- 
vented from  resuming  (as  otherwise  they  spontaneously  will)  their 
natural  position.  This  general  arrangement  !s  variously  modified, 
however,  under  peculiar  circumslances.  Tbe  stomata  are  equally 
distributed  on  the  two  sides  of  those  leaves,  of  whatever  sort, 
which  grow  in  an  erect  position,  or  present  their  edges,  instead  of 
their  surfaces,  to  tbe  earth  and  sky  (294),  and  have  the  parenchyma 
of  both  sides  similariy  constituted,  sustaining  consequently  the  samr 
relations  to  light.  In  the  Water-Lilies  (NyiBphKa,  Nuphar),  an<l 
other  leaves  which  float  upon  the  water,  the  stomata  all  belong  to 
the  upper  surface.  All  leaves  which  live  under  water,  where  therti 
can  be  no  evaporation,  are  destitute,  not  only  of  stomata,  but  usually 
of.a  distinct  epidermis  also. 

'  270.  Tbe  number  of  the  stomata  varies  !n  different  leaves  from 
800  to  about  170,000  on  the  square  inch  of  surface.  In  the  Apple, 
there  are  said  to  be  i^wut  24,000  to  the  square  inch'  (which  is  under 
the  av«age  number,  as  given  in  a  table  of  36  species  by  Lindley)  i 
so  that  each  leaf  of  that  tree  would  present  about  100,000  of  the^e 
orifices^  When  the  sloeaata  are  not  all  restricted  to  the  lower  sur- 
fitce,  still  the  greater  portion  usually  occupy  tliis  position.  Thus, 
the  leaf  of  Arum  Dracontium  is  said  to  have  8,000  stomata  to  a 
square  inch  of  the  upper  surface,  and  twice  that  number  in  the 

no.  S28.    HBgnlfled  vitir  «r  Ih*  lS,ODI>lh  ptrt  of  ■  iqiun  Inch  of  Uh  apldHmli  of  tM 
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same  space  of  the  lower.  The  leaf  of  the  Coltsfoot  has  12,000 
stomata  to  a  square  inch  of  the  lower  epidermis,  and  only  1,200  in 
the  upper.  That  of  the  White  Lily  has  from  20,000  to  60,000  to 
the  square  inch  on  the  lower  surface,  and  perhaps  3,000  on  the  up- 
per. In  this  plant,  and  in  other  true  Lilies,  they  are  so  remaricahly 
large  (Fig.  221,  226  -  228)  that  they  may  be  discerned  by  a  simple 
lens  of  an  inch  focus.  In  most  plants  they  are  very  much  smaller 
than  this. 

271.  Succulent  or  fleshy  plants,  such  as  those  of  the  Cactus  tribe, 
Mesembryanthemums,  Sedums,  Aloes,  &c.,  are  remarkable  for  holding 
the  water  they  imbibe  with  great  tenacity,  rather  in  consequence  of 
the  thickness  of  the  epidermis,  or  from  the  deposit  which  early  ac- 
cumulates in  the  superficial  cells  of  the  parenchyma  (266),  than 
from  the  want  of  stomata.  The  latter  are  usually  abundant,*  but 
they  seem  to  open  less  than  in  ordinary  plants,  except  m  young  and 
growing  parts.  Hence  the  tissue  becomes  gorged  as  it  were  with 
fluid,  which  is  retained  with  great  tenacity,  especially  during  the 
hot  season.  They  are  evidently  constructed  for  enduring  severe 
droughts ;  and  are  accordingly  found  to  inhabit  dry  and  sunburnt 
places,  such  as  the  arid  plains  of  Africa,  —  the  principal  home  of  the 
Stapelias,  Aloes,  succulent  Euphorbias,  &c., — or  the  hottest  and 
driest  parts  of  our  own  continent,  to  which  the  whole  Cactus  family 
is  indigenous.  Or,  when  such  plants  inhabit  the  cooler  temperate 
regions,  like  the  Sedums  and  the  common  Houseleek,  &c.,  they  are 
commonly  found  in  the  most  arid  situations,  on  naked  rocks,  old 
walls,  or  sandy  plains,  exposed  to  the  fiercest  rays  of  the  noonday 
sun,  and  thriving  where  ordinary  plants  would  speedily  perish.  The 
drier  the  atmosphere,  the  greater  their  apparent  reluctance  to  part 
with  the  fluid  they  have  accumulated,  and  upon  which  they  live 
during  the  long  period  when  little  or  no  moisture  is  yielded  by  the 
soil  or  the  air:  Their  structure  and  economy  fully  explain  tneir 
tolerance  of  the  very  dry  air  of  our  houses  in  midwinter,  when  or- 
dinary thin-leaved  plants  become  unhealthy  or  perish. 

272.  Sometimes  the  leaves  of  succulent  plants  merely  become 
obese  or  misshapen,  like  those  of  the  Ice-plant  and  other  species 


*  The  thickened  epidermis  of  the  fleshy  leaves  of  the  Sea-Sandwort  (Hon- 
kenya)  is  provided  with  an  abundance  of  large  stomata,  on  the  upper  as  well 
as  the  lower  face.  But  this  plant,  though  very  fleshy,  grows  in  situations  where 
its  roots  are  always  supplied  with  moisture. 
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of  Mesembiyantheraum,  &c.:  sometimes  thej  are  reduced  to  tri- 
angular projections  or  points,  or  are  perfectly  confounded  with  the 
green  bark  of  the  stem,  which  fulfils  their  office,  as  in  the  Stapelia 
and  most  Cacti. 

273.  The  Developmeilt  of  kavet.  At  their  first  appearance,  each 
leaf  is  a  minute  papilla  or  projection  of  parenchyma  on  the  nascent 
axis  :  as  it  grows,  this  shapes  itself  into  the  blade,  and  is  eliminated 
from  the  axis.  The  petiole,  if  any,  is  later  formed,  and  by  its 
growth  raises  the  blade  from  the  stem.  Commonly  the  apex  of  the 
blade  first  appears,  and  the  formation  proceeds  from  above  down- 
wards. The  sheath  at  the  base  (as.  in  most  Monocotyledcms),  or 
the  stipules  (259,  which  principally  belong  to  Dicotyledons),  are  at 
first  continuous  with  the  blade,  or  divided  from  it  by  a  mere  con- 
striction :  the  formation  and  elongation  of  the  petiole  soon  separate 
them.  The  stipules,  remaining  next  the  axis  or  source  of  nourish- 
ment, undergo  a  rapid  development  early  in  the  bud,  so  that,  at  a 
certain  stage,  they  are  oflen  larger  than  the  body  of  the  leaf,  and 
they  accordingly  form  in  such  cases  the  teguments  of  the  bud. 
Divided  or  lobed  and  compound  leaves  are  simple  at  the  commence- 
ment, but  the  lobes  are  very  early  developed ;  they  grow  in  respect 
to  the  axis  of  the  leaf  nearly  as  that  grew  from  the  axis  of  the 
plant,  and  in  the  compound  leaf  at  length  isolate  themselves,  and 
are  oflen  raised  on  footstalks  of  their  own.  Commonly  the  upper 
lobes  or  leaflets  are  first  formed,  and  then  the  lower :  but  in  those 
of  the  Walnut  and  Ailanthus,  and  other  large  compound  leaves,  the 
formation  proceeds  from  below  upwards,  and  new  leaflets  continue 
to  be  produced  from  the  apex,  even  aAer  the  lowermost  are  nearly 
full  grown.  In  the  earliest  stage  leaves  consist  of  parenchyma 
alone:  the  fibro-vascular  tissue  wliich  makes  the  ribs,  veins,  or 
framework  appears  later. 

274.  At  the  points  on  the  surface  of  the  developing  leaf  where 
stomata  are  about  to  be  formed,  one  of  the  epidermal  cells  early 
ceases  to  enlarge  and  thicken  with  the  rest,  but  divides  into  two  (in 
the  manner  formerly  described,  33),  forming  the  two  guardian-cells 
of  the  stomate :  as  they  grow,  the  two  constituent  portions  of  their 
common  partition  separate,  leaving  an  interspace  or  orifice  between. 
In  some  cases,  each  new  cell  divides  again,  when  the  stomate  is 
formed  of  four  cells  in  place  of  two. 

275.  The  Fonns  of  Leares  are  almost  infinitely  various.  These 
afibrd   some  of  the    readiest,  if  not  the  most  certain,  marks  for 
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characterizing  species.  Their  principal  modifications  are  therefore 
classified,  minutely  defined,  and  embodied  in  a  system  of  nomen- 
clature which  is  equally  applicable  to  other  parts  of  the  plant,  and 
which  as  an  instrument  is  indispensable  to  the  systematic  botanist. 
The  numerous  technical  terms  which  have  gradually  accumulated 
from  the  infancy  of  tlie  science,  and  have  multiplied  with  its  increas- 
ing wants,  are  mostly  quite  arbitrary,  or  have  been  suggested  by 
real  or  fancied  resemblances  of  their  shapes  to  various  natural  or 
other  objects.  This  arbitrary  nomenclature,  which  formerly  severe- 
ly tasked  the  memory  of  the  student,  was  reduced  by  De  Candolle 
to  a  clear  and  consistent  system,  based  upon  scientific  principles, 
and  of  easy  application.  The  fundamental  idea  of  the  plan  i&,  that 
the  almost  infinite  varieties  in  the  form  and  outline  of  leaves  may 
be  deduced  from  the  different  modes  and  degrees  in  which  the 
woody  skeleton  or  framework  of  the  leaf  is  expanded  or  ramified 
in  the  parenchyma.  Upon  this  conception  the  following  sketch  is 
based ;  in  which  all  the  more  important  terms  of  the  nomenclature 
of  leaves  are  mentioned  and  defined.  It  should  be  kept  in  mind, 
however,  that  this  is  not  to  be  taken  as  an  explanation  of  the  actual 
formation  of  leaves ;  but  rather  as  an  account  of  the  mutual  adap- 
tation and  correspondence  of  their  outlines  and  framework.  For 
the  parenchyma  is  developed,  and  the  form  of  the  leaf  more  or  less 
determined,  before  the  framework  has  an  existence.  The  latter, 
therefore,  cannot  have  given  rise  to  the  outline  or  shape  of  the 
organ.  The  distribution  of  the  veins  or  fibrous  framework  of  the 
leaf  in  the  blade  is  termed  its 

276.  Venation.  The  veins  are  distributed  throughout  the  lamina 
in  two  principal  modes.  Either  the  vessels  of  the  petiole  divide  at 
once,  where  they '  enter  the  blade,  into  several  veins,  which  run 
parallel  with  each  other  to  the  apex,  connected  only  hy  simple 
transverse  veihlets  (as  in  Fig.  230)  ;  6r  the  petiole  is  continued 
into  the  blade  in  the  form  of  one  or  more  principal  or  coarser 
veins,  which  send  off  branches  on  both  sides,  the  smaller  branch- 
lets  uniting  with  one  another  (anastomoiing)  and  ibrming  a  kind 
t)f  network ;  as  in  Fig.  229.  The  former  are  termed  paraUel- 
veined,  or  commonly  nerved  leaves ;  the  veins  in  this  case  having 
been  called  nerves  by  the  older  botanists,  —  a  name  which  it  is 
found  convenient  to  retain,  although  of  course  they  are  in  no  respect 
analogous  to  the  nerves  of  animals.  The  latter  are  temied  reticur 
lated  or  netted^eined  leaves. 


THBIB  VEKATIOIT. 


377.  Parallel-Teined  or  neired  leaves  are  characteristic  t>f  En- 
dogenous plants ;  while  teticolated  leaves  are  almost  Universal  in 


Exo^nous  plants.  We  are  thus  furnished  with  a  very  obvious,  al- 
though by  no  means  absolute,  distinction  between  these  two  great 
classes  of  plants,  independently  of  the  stracture  of  tlieir  stems  (198). 
278.  In  reticulated  leaves,  the  coarse  primary  veins  (one  or 
more  in  number),  which  proceed  immediately  from  the  apes  of  the 
petiole,  are  called  ribs;  the  branches  are  termed  veins,  and  their 
subordinate  ramifications,  veinlels.  Very  frequently,  a  single  strong 
rib  (called  the  midrib),  forming  a  continaation  of  the  pietiole,  runs 
directly  through  the  middle  of  the  blade  to  the  apex  (Fig.  229,  238, 
&C.),  and  from  it  the  lateral  veins  all  diverge.  Such  leaves  are 
terraed /eather-veijied  or  pinnately  veined;  and  are  subject  to  vari- 
ous modification^i  according  to  the  arrangement  of  the  veins  and  vein- 
lets  ;  the  primaiy  veins  sometimes  passing  straight  from  the  .midrib 
to  the  margin,  as  in  the  Beech  and  Cheslnat  (Fig.  2S8) ;  white 
in  other  cases  they  are  divided  into  veinlets  long  before  they  reach 
the  margin. .  When  the  midrib  gives  off  a  very  strong  primary  >-ein 
or  branch  on  Sach  side  above  the  base,  the  leaf  is  «>id  to  bo  friple- 
ribbed,  or  often  tripli-nerved,  as  in  the  common  Sunflower  (£'ig> 
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241)  ;  if  two  such  ribs  proceed  from  each  ^ide  of  the  midrib,  it  ia 
said  lo  be  quintupU'ribied,  or  quiniupli-nerved. 


279.  Not  unfrequently  the  vessels  of  a  reticulated  lenf  divide  at 
the  apex  of  the  petiole  inio  Ihree  or  more  portions  or  ribs  of  nearly 
equul  size,  which  are  usually  divergent,  each  giving  off  veins  and 
veinlets,  like  the  single  rib  of  a  feather- veined  leaf.  Such  leaves 
are  termed  raditxted-veined,  or  paimaUly'Veined ;  and,  ai  lo  the 
number  of  the  ribs,  are  called  three-ribbed,  flve-ribbed,  sevea-ribbed, 
&c.  (Fig.  244,  247,  253).  Examples  of  this  form  are  furnished  by 
the  Maple,  the  Glooseberry,  the  Mallow  family,  &c.  Occasionally 
the  ribs  of  a  radiated-veined  leaf  converge  and  run  to  the  apex  of  the 
blade,  as  in  Rhexia  and  other  plants  of  the  same  family,  thus  resem- 
bling a  parallel-veined  or  nerved  leafj  from  which,  however,  it  is 
distinguished  by  the  intermediate  netted  veins.  But  when  the  ribs 
are  not  very  strong,  such  leaves  are  frequently  said  to  be  nerved, 
although  they  branch  before  reaching  the  apex. 

280.  According  to  the  theory  of  De  Candolle  (275),  the  shape 
which  leaves  assume  may  be  viewed  as  dependent  upon  the  dis- 
tribution of  the  veins,  and  the  quantity  of  parenchyma ;  the  gen- 
eral outline  being  determined  by  the  division  and  direction  of  the 
veins ;  and  the  form  of  the  margin,  (whether  even  and  continuous, 
or  else  interrupted  by  void  spaces  or  indentations,)  by  the  greater  or 


leas  abunilitnce  oP  tlie  parenchyma  in  which  the  veins  nre  distrib- 
uted.    This  view  b  readily  intelligible  upon  the  supposition  that  a 


leaf  is  an  expansion  of  soft  parenchyma,  in  which  the  firmer  reins 
are  variously  ramified.  Thus,  if  the  principal  veins  of  a  feather* 
veined  leaf  are  not  greatly  prolonged,  and  are  somewhat  equal  in 
length,  the  blade  will  have  a  more  or  less  elongated  form.  If  the 
veins  are  very  short  in  proportion  to  the  midrib,  and  equal  in  length, 
the  leaf  will  be  linear  (as  in  Fig.  240) ;  if  longer  in  proportion, 
but  still  equal,  the  leaf  will  assume  an  oS&tny  form  (Fig.  242), 
which  a  slight  rounding  of  the  sides  converts  into  an  oval  ttr  ellip- 
tical outline.  If  the  veins  next  the  base  are  longest,  and  especially 
if  they  curve  forward  towards  their  extremities,  the  leaf  assumes  a 
lanceolate  (Fig.  239),  ovate  (Fig.  241),  or  some  intermediate  form. 
On  the  other  hand,  if  the  veins  are  more  developed  beyond  the  mid- 
dle of  the  blade,  the  leaf  becomes  ohovate  (Fig.  232),  or  eunexfomt 
(Fig.  235).  In  radiated  or  palmately  veined  leaves  (Fig.  245-253), 
where  the  primary  ribs  are  divergent,  an  orbicular  or  roundish  out- 
line h,  moat  common.  When  some  of  the  ribs  or  their  ramifications 
are  directed  backwards,  a  recess,  or  tinui,  as  it  is  termed,  is  pro- 
duced at  the  base  of  the  leaf,  which,  taken  in  connection  with  the 
general  form,  gives  rise  to  such  terms  as  cordate  or  heart-shaped 
(Fig.  244),  reniform  or  Hdtuy-thaped  (Fig.  245),  &c,  when  the 
posterior  portions  are  rounded ;  and  those  of  sagittate  or  arrow- 
Headed  (Fig.  252),  and  hattale  or  haHerd-shaped  (Fig.  250),  when 
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the  angles  or  lol>e9  at  the  base  diverge.  The  margins  of  the  sinus 
are  sometimes  brought  into  eontact  and  united,  when,  the  leaf  be- 
comes peltate  or  shteldshaped  (Fig.  248)  ;  the  blade  being  attached 
to  the  petiole,  not  by  its  apparent  base,  but  by  some  part  of  the 
lower  surface.  Two  or  three  common  species  of  Hydrocotyle 
plainly  exhibit  the  transition  from  common  radiated  leaves  into  the 
peltate  form.  Thus,  the  leaf  of  H.  Americana  (Fig.  247)  is  round- 
ish-reniform,  with  an  open  sinus  at  the  base,  while  in  H.  inter- 
rupta  and  H.  umbellata  (Fig.  248),  the  margins  have  grown  to- 
gether so  as  to  obliterate  the  sinus,  and  an  orbicular  peltate  leaf  is 
produced.  In  nerved  leaves,  when  the  nerves  run  parallel  from 
the  base  to  the  apex,  as  in  Grasses  (Fig.  237),  the  leaf  is  necessa- 
rily linear,  or  nearly  so ;  but  when  they  are  more  divergent  in  the 
middle,  or  towards  the  base,  the  leaf  becomes  oblong,  oval,  or  ovate, 
&c  (Fig.  243).  In  one  class  of  nerved  or  parallel-veined  leaves,  the 
simple  veins  or  nerves  arise  from  a  prolongation  of  the  petiole  in  the 
form  of  a  thickened  midrib,  instead  of  the  base  of  the  blade,  constitut- 
ing the  nirvhierved  leaves  of  De  CandoUe.  This  structure  is  almost 
universal  in  the  Ginger  tribe,  the  Arrowroot  tribe,  in  the  Banana,  and 
other  tropical  plants ;  and  our  common  Pontederia,  or  Pickerel-weed 
(Fig.  236),  affords  an  illustration  of  it,  in  which  the  nerves  are 
curved  backwards  at  the  base,  so  as  to  produce  a  cordate  outline. 

281.  As  to  the  margin  and  particular  outline  of  leaves,  they  ex- 
hibit every  gradation  between  the  case  where  the  blade  is  entire, 
that  is,  with  the  margin  perfectly  continuous  and  even  (as  in  Fig. 
243),  and  those  where  it  is  cleft  or  divided  into  separate  portions. 
The  convenient  hypothesis  of  De  Candolle  connects  these  forms 
with  the  abundance  or  scantiness  of  the  parenchyma,  compared 
with  the  divergence  and  the  extent  of  the  ribs  or  veins;  on  the 
supposition  that,  where  the  former  is  insufficient  completely  to  fill 
up  the  framework,  lobes,  ifunBtons,  or  toothings  are  necessarily 
produced,  extending  from  the  margin  towards  the  centre.  Thus, 
in  the  white  and  the  yellow  species  of  Water  Ranunculus,  there 
appears  to  be  barely  sufficient  parenchyma  to  form  a  thin  covering 
fi>r  each  vein  and  its  branches  (Fig.  251,  the  lowest  leaf);  such 
leaves  are  said  to  be  jUifomdy  dissected,  that  is,  cut  into  threads-; 
the  nomendature  iaall  thete  cases  being  founded  on  the  conyen- 
ient  (but  inoorreet)'  supposition,  that  a' leaf  ori^nally  entire  is'  cot 
into  teed),  lobes,  divisions^^^'  If,  while  the  framework  .reraahis 
the  same  as  in  the.  last  instance,  the.parenchymii..be  .more  abun- 
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dantly  iJeTeloped,  as  in  fact  linppeiu  in  the  upper  ]«iTes  of  the  9nm« 
fpecies  when  they  grow  oat  of  water,  and  b  ehowa  in  the  sdme 
figure,  they  are  merely  cfc/1  or  l<Aed.     If  these  lobtt  grow  together 
nearly  to  the  ex- 
tremity   of    the 
principal    veins, 
the  leaf  is  only 
toothed,  terrated, 
or  erenated;  and 
if  the  email  re- 
maining notches 
were  filled  with 
parenchyma,  the 
leaf  would  be  en- 
tire.    The  study  w  «i       «<        »  «  w 
of  the  development  of  leaves,  however,  proves  that  the  parencliymft 
grows  and  shapes  the  outlines  of  the  organ  in  ita  own  way,  irrespec- 
tive of  the  frameworic,  which  is,  in  fact,  adapted  to  the  parenchyma 
rather  than  the  parenchyma  to  it  The  prindpal  terms  which  designate 
the  mode  and  degree  of  division  in  simple  leaves  may  now  be  briefly 
explained,  without  further  reference  lo  this  or  any  other  theory, 

282.  A  leaf  b  said  to  be  Merrate,  when  the  margin  is  beset  with 
sharp  teeth  which  point  forwards  towards  the  apex  (Fig.  254)  ; 
dentate,  or  toothed,  when  the  sharp  salient  teeth  are  not  directed 
towards  the  apex  of  the  leaf  (Fig.  255) ;  and  erenate,  when  the 
teeth  are  rounded  (Fig.  248,  256).  A  slightly  waved  or  sinuous 
mai^n  ia  said  to  be  repand  (Fig.  2.57)  ;  a  more  strongly  uneven 
margin,  with  ^temate  rounded  concavities  and  convexities,  is  tenned 
linuate  (Fig.  258).  When  the  leaf  is  irregularly  and  sharply  cu^ 
deep  into  the  blade,  it  is  said  to  be  incised  (Fig.  259) ;  when  the 
porti<ms  (or  tegmtnit)  are  more  definite,  it  is  said  to  be  lohed  (Fig. 
260,  264);  tatd  the  terms  tvo^bed,three-lobed(¥ig..2&i),^r9-lobed, 
&C.,  express  the  number  of  the  segmenta'.  If  the  incisions  extend  abotit 
to  the  mid^  of  the  blade,  or  somewhat  deeper,  and  especially  if  the 
sinuses  are  acute,  the  leaf  is  sard  to  be  ele/t  (Fig.  261,  265)  i  sad 
the  terms  ttoo-d^  threti^fi  (Fig.  365),  &c  (or  in  the  Latin  fonn, 
Ufid,  trijid,  &c.),  designate  the  number  of  the  H^puents:  or  when 
the  latter  are  numerous  or  indefinite,  ^e  leaf  is  termed  marty't^Jt, 
tar  muitijid.     If  the  segments  extend  nearly,  but  not  quite,  to  the 
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base  of  the  blade  or  the  midrib,  the  leaf  ia  said  to  be  parted  (Fig. 
262,    266)  :  if  thej  reach  the  midrib  or  the  bafe,  so  as  to  interrupt 


the  parenchyma,  the  leaf  is  said  to  be  divided  (Fig.  263,  267)  ;  the 
number  of  partilioni  or  diinsiont  being  designated,  as  before,  by  the 
terms  two-,  three-,  five-jiarted,  or  (wo-,  three-,  ^ce-divided,  &c. 

283.  As  the  mode  of  division  always  coincides  with  the  arnuige- 
ment  of  the  primary  veins,  the  lobes  or  incisions  of  feat  her- veined, 
are  differently  arranged  from  those  of  radiated  or  palmately  veined 
.  leaves  ;  in  the  latter,  the  principal  incisions  are  all  directed  to  the 
huso  of  the  leaf;  in  the  former,  towards  the  midrib.  These  modi- 
fications are  accurately  described  by  terms  indicative  of  the  vena- 
tion, combined  with  those  that  express  the  degree  of  division. 
Thus,  a  feather-viened  (in  the  Latin  form,  a  pinnalelg  veined)  leaf 
is  said  to  be  pinnateJy  eUft  or  pinnatifid  (Fig.  261),  when  the 
sinuses  reach  half-way  to  the  midrib;  pinnatelff parted,  when  they 
extend  almost  to  the  midrib  (Fig.  262)  ;  and  pinnaiely  divided, 
'when  they  reach  the  midrib,  dividing  the  parenchyma  into  separate 
portions  (Fig.  263).  A  few  subordinate  modifications  are  in- 
dicated by  special  terms :  thus,  a  pinnatifid  or  pinnately  parted 
leaf,  with  regular,  very  close  aud  narrow  divisions,  like  the  teeth  of 
a  comb,  is  said  to  }m  pectinate  ;  a  feather-veined  leaf,  more  or  less 
pinnatifid,  but  with  the  lobes  decreasing  in  size  towards  the  base,  is 
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teiined  lyratey  or  lyrc-shffped  (Fig.  278)  ;  and  a  lyrate  leaf  with 
sharp  lobes  pointing  towards  the  base,  r^  in  the  Dandelion  (Fig. 
279),  is  called  runcinate,  A  palmately  veined  leaf  is  in  like  man- 
ner said  to  be  palmately  lohed  (Fig.  264),  palmately  cleft  (Fig.  265), 
palmately  parted  (Fig.  266),  or  palmately  divided  (Fig.  267),  ac- 
cording to  the  degree  of  division.  The  term  palmate  was  originally 
employed  to  designate  a  leaf  more  or  less  deeply  cut  into  about  five 
spreading  lobes,  bearing  some  resemblance  to  a  hand  with  the  fingers 
spreading ;  and  it  is  still  used  to  designate  a  palmately  lobed  leaf, 
without  reference  to  the  depth  of  the  sinuses.  A  palmate  leaf  with 
the  lateral  lobes  cleft  into  two  or  more  segments  is  said  to  be  pedate 
(Fig.  249),  from  a  fancied  resemblance  to  a  bird's  foot  By  desig- 
nating the  number  of  the  lobes  in  connection  with  the  terms  which 
indicate  their  extent  and  their  disposition,  botanists  are  enabled  to 
describe  all  these  modifications  with  great  brevity  and  precision. 
Thus,  apalmcUely  three-parted  leaf  is  one  of  the  radiated-veined  kind, 
which  is  divided  almost  to* the  base  into  three  segments  (Fig.  266)  ; 
SL  pinnately  Jive-parted  leaf  is  one  of  the  feather-veined  kind  cut  into 
five  lobes  (two  on  each  side,  and  one  terminal),  with  the  sinuses  ex- 
tending almost  to  the  midrib :  and  the  same  plan  is  followed  in  de- 
scribing cleft,  lobed,  or  divided  leaves. 

284.  The  segments  of  a  lobed  or  divided  leaf  may  be  again  di- 
vided, lobed,  or  cleft,  in  the  same  way  as  the  original  blade,  and  the 
same  terms  are  employed  in  describing  them.  Sometimes  both  the 
primary,  secondary,  and  even  tertiary  divisions  are  defined  by  a 
single  word  or  phrase ;  as  bipinnatijid  (Fig.  280),  tripinnatijid, 
hipinnaiely  parted,  triptnnately  parted,  twice  palmately  parted,  &c. 

285.  Parallel-veined  or  nerved  leaves  would  naturally  be  ex- 
pected to  present  entire  margins,  and  this  they  almost  universally 
do  when  the  nerves  are  convergent  (Fig.  230,  243).  Such  leaves 
are  often  lobed  or  cleft  when  the  principal  nerves  diverge  greatly, 
as  in  the  Dragon  Arum ;  but  the  lobes  themselves  are  entii*e. 
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286.  There  are  a  few  terms  employed  in  describing  the  apex  of 
a  leaf,  which  may  be  here  enumerated.     When  a  leaf  tapers  to  a 

FIG.  2R8  -  276.    Fonns  of  the  apex  of  leates. 
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narrowed  or  slender  apex,  it  is  said  to  be  aevminats  (F^.  268) : 
when  it  tenoiiwtvs  in  en  acute  angle,  it  in  said  to  be  acuU  (Fig. 
269)  :  when  the  apex  is  an  obtu.se  an;;le,  or  rounded,  it  is  termed 
obtute  (Fig.  270)  :  an  obtuse  leaf,  wilh  the  apex  slightly  indented  or 
depressed  in  the  middle,  i*  said  lo  be  retust  (Fig.  272),  or,  if  more 
strongly  notched,  emarginate  (Fig.  27S)  :  an  obovat«  leaf  with  a 
wider  and  more  conspicuous  notch  at  the  apex  is  termed  ohcordaie 
(Fig.  274),  being  a  cordate  or  heart-shaped  leaf  inverted.  When 
the  apex  ii,  as  it  were,  cut  ofT  by  a  straight  trangyerse  line,  the  leaf 
is  said  to  be  truncate  (Fig.  271)  :  when  abruptly  terminated  by  a 
arriatl  and  slender  projecting  point,  it  is  tnueronate  (Fig.  27G) :  when 
tipped  with  a  stronger  and  rigid  projecting  point,  or  cusp,  it  ia  cutpi- 
date  (Fig.  27»). 

287.  All'  these  terms  are  equally  applicable  to  expanded  sur- 
faces of  every  kind,  such  as  petnls,  sepals,  &c. :  and  those  terms 
which  are  used  to  describe  the  modifications  of  solid  bodies,  such  as 
stems  and  stallcs,  are  equally  applicable  td  leaves  when  these  affect 
similar  shapes,  as  they  sometimes  do. 

288.  The  whole  account,  thus  far,  relates  to  Simple  Licatkb, 
namely,  to  those  which  have  a  blade  of  one  piece,  however  deft  or 
lobed,  or,  if  divided,  where  the  separate  portions  are  neither  raised  on 
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stalklets  of  their  own,  nor  articulated  (by  a  joint)  with  the  main 
petiole/ so  that  the  pieces  are  at  length  detached  and  fall  separately. 
The  distinction,  however,  cannot  be  very  strictly  maintained ;  /there 
are  so  many  transitions  between  simple  and 

289.  Cofflpoond  kUTCS.  These  have  the  blade  divided  into  entire- 
ly separate  pieces ;  or,  rather,  they  consist  of  a  number  of  blades, 
borne  on  a  common  petiole,  usually  supported  on  stalklets  of  their 
own,  between  which  atid  the  main  petiole  an  articulation  or  joint  is 
^rmed,  more  or  less  distinctly.  These  separate  blades  are  caUed 
Leaflets  :  they  present  all  the  diversities  of  form,  outUne,  or 
division  which  simple  leaves  exhibit ;  and  the  same  terms  are  em- 
ployed in  characterizing  them.  Having  the  same  nature  and  origin 
as  the  lobes  or  segments  of  simple  leaves,  they  are  arranged  in  the 
same  ways  on  the  common  petiole.  Compound  leaves  accordingly 
occur  under  two  general  forms,  the  pinnate  and  the  palmate  (other- 
wise called  digitate). 

:  290.  The  piwnaie  form  is  produced  when  a  leaf  of  the  pinnately 
veined  sort  becomes  compound;  that  is,  the  leaflets  are  situated 
sdong  the  sides,  of  the  common  petiole.  There  are  several  modifica- 
tions of  the  pinnate  leaf.  It  is  abruptly  pinnate^  when  the  leaflets 
Are  even  in  number,  and  none  is  borne  on  the  very  apex  of  the 
petiole  or  its  branches,  as  in  Cassia  (Fig.  290),  and  also  in  the 
Vetch  tribe,  where,  however,  the  apex  of  the  petiole  is  generally 


proloi^ed  into  a  tendril  (Fig.  287,  289).     It  is  impari-pinnate,  or 
pinnate  with  an  odd  leaflet,  when  the  petiole  is  terminated  with  a 

FIG.  288  -  290.    Simply  pinnate  leaves  of  yarioas  form*. 


by  elongation  of  il 
recommences,  and 
ordinary  leaves,  foi 
fo,  by  annual  inot 
carried  up.  Not  o 
thus  composed  of  ;i 


decessor,  builds  ■ 
restricted  dufiri' 
and  Reeds,  tli 
from  new  starii; 
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is  digitate,  the  Becondary  diTision  is  often  pinnale,  thus  combining 
the  two  modes  in  the  eame  leaf.  A  leaf  irregularly  or  indeter- 
minatelj  several  times  compounded,  in  whatever  mode,  is  said  to  be 
decompound. 

293.  Leaves  ol  Peenliar  ConfamiBtioii.  The  blade  of  a  leaf  U  almost 
always  Bymmetrical,  that  is,  the  portions  on  each  side  of  the  midrib 
or  axis  are  similar;  but  occasionally  one  side  id  more  developed  than 
the  other,  when  the  leaf  is  oUique,  as  is  strikingly  the  ca:ie  in  the 
species  of  Begonia  (Fig.  246)  of  our  conservatories. 

294.  Tertical  and  Eqoitant  Leim.  The  blade  is  abo 
commonly  horizontal,  presenting 

sky,  and  the  other  to  the  earth  ; 
two  surfaces  differ  in  structure  | 
appearance,  eaeb  being  fitted  f 
fices :  if  artificially  reversed,  t 
resume  their  natural  position, 
prevented  from  doing  bo.     But 
^  leaves,  the  two  surfaces  ar 
*«  the  light,  and  are  similar  in 
I*arance.     In  such  erect  and 
*ose  of  Iris  (Fig.  201);  it  is  r» 
™?e  that  is  presented  to  the  a 
folded    together    lengthwise 
fconduplicate),  and  conroli- 
Jti'ed    while   in  the  nascent 
gtate,  s-o  that  the  true  upper     ' 
fitrfskCfi  is   concealed  in  the 
jjitcz"ior,    except     near    the 
t^nse,    -where  they  alternately 
ccvtii-  over  each  other  in  the 
sqU'ittXTa  manner  (258,  Fig. 

292).       True  vertical  leaves,  "' 

■whicli  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
^^Yi  generally  assume  this  position  by  a  twisting  of  the  base  or 
tl\e  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  family,  some  of  which  are  now  com- 
mon    in  green-houses. 

295.    Perfoliate  Lea?n.      While    in    Iris  the    two   halves   of  the 


»10.  Ml. 


EqulUDt  (Rcl  Iwm  of 
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leaflet  (Fig.  281,  288).  There  are  some  subordinate  modifications ; 
such  as  lyrately  pinnate,  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
is  completely  divided,  as  in  Fig.  285  ;  and  interruptedly  pinnate, 
when  Fome  minute  leaflets  are  irregularly  intermixed  with  larger 
ones,  as  is  also  shown  to  some  extent  in  the  figure  last  cited.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  AVhen 
reduced  to  a  small  number,  such  a  leaf  is  said  to  be  pinnately  seven-, 
ovfive-,  or  tri-foliolate,  as  the  case  may  be.  A  pinnate  leaf  of  three 
or  five  leaflets  is  of\en  called  temate  or  quinate  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also, 
and  more  appropriately,  to  the  case  of  three  or  five  simple  leaves 
growing  on  the  same  node.  A  pinnately  trifoliolate  leaf  (Fig.  286) 
is  readily  distinguished  by  having  the  two  lateral  leaflets  attached 
to  the  petiole  at  some  distance  below  its  apex,  and  by  the  joint 
which  is  observable  at  some  point  between  their  insertion  and  the 
lamina  of  the  terminal  leaflet.  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  in  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  Tliis  is  distinguished  from  a 
really  simple  leaf  by  the  joint  at  the  junction  of  the  partial  with  the 
general  petiole. 

291.  The  palmate  or  digitate  form  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  Horsechestnut  and  Buckeye  (Fig.  277),  and  the  common  Clover 
(Fig.  304).  Such  leaves  of  three,  five,  or  any  definite  number  of 
leaflets,  are  termed  palmately  {or  digitately)  trifoliolate,  five-foliolate, 
&c.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  unijuyate  (one- 
paired)  or  Innate.  By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  &  partial  petiole  (petioltUe)  ; 
and  the  leaflet  thus  supported  is  petioltdate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  doubly  or  twice  compound.  Thus  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  hipinnate  (Fig.  282),  or  if  still 
a  third  time  divided  it  is  tripinnate,  &c.  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  are  called  pinnts,  or  the 
i^dXrsjugcB.  So  a  trifoliolate  leaf  twice  compound  becomes  bitemate 
(Fig.  284)  ;  or  thrice,  tritemate,  &c.     When  the  primary  division 
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is  dictate,  the  eecondaiT'  division  is  often  pinnnle,  thus  (■orabining 
the  two  modes  in  the  same  leaf.  A  leaf  irregolarly  or  indeter- 
minatelj'  several  times  compounded,  in  whatever  mode,  is  £ald  lo  be 
decompound. 

293.  Leaves  of  Feenliir  ConfonnBtion.  Tlie  blade  of  a  leaf  is  almost 
always  Bymmetrical,  that  is,  the  portions  on  each  eide  of  the  midrib 
or  axis  are  similar;  but  occasionally  one  side  is  more  developed  than 
the  other,  when  the  leaf  is  obiique,  as  is  strikingly  the  case  in  the 
species  of  Begonia  (Fig.  246)  of  our  conservatories. 

294.  Vf  rtitll  and  EqDitant  LtlTCl.  The  blade  is  also 
commonly  horizontal,  presenting 

sky,  and  the  other  to  the  earth ; 
two  surfaces  differ  in  structure  | 
appearance,  each  being  fitted  { 
ficcs :  if  artificially  reversed,  t 
resume  their  natural  position, 
prevented  from  doing  so.     But 
cal  leaves,  the  two  surfaces  ar 
to  [he  light,  and  are  similar  in 
pearance.     In  such  erect  and 
those  of  Iris  (Fig.  291);  it  is  ra 
face  that  is  presented  to  the  a 
folded    together    lengthwise 
(condaplicate),   and   conioli- 
dated  while   in  the   nascent 
slate,  so  that  the  true  upper     ' 
surface  is   concealed  in  the 
interior,    except     near    the 
base,  where  they  alternately 
cover  over  each  other  in  the 
equitant  manner  (258,  Fig. 

292).     True  vertical  leaves,  "" 

which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
sky,  generally  assume  this  position  by  a  twisting  of  the  base  or 
the  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  family,  some  of  which  are  now  com- 
mon in  green-houses. 

295.  rtrfoliale  LeaTCS.      "While    in    Iris  the    two    halves   of  the 

no.  201.    EquHant  «Ht  l«ra  of  Iria,  «lth  tha  nnUtock. 
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leaflet  (Fig.  281,  288),  There  are  some  subordinate  modifications ; 
such  as  lyrately  pinnate,  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
is  completely  divided,  as  in  Fig.  285  ;  and  interruptedly  pinnate^ 
when  forae  minute  leaflets  are  irregularly  intermixed  with  larger 
ones,  as  is  also  shown  to  some  extent  in  the  figure  last  cited.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  When 
reduced  to  a  small  number,  such  a  leaf  is  said  to  be  pinruUely  seven-, 
ov  five-,  or  tri-foliolate,  as  the  case  may  be.  A  pinnate  leaf  of  three 
or  five  leaflets  is  of\en  called  temate  or  quinate  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also, 
and  more  appropriately,  to  the  case  of  three  or  five  simple  leaves 
growing  on  the  same  node.  A  pinnately  trifoliolate  leaf  (Fig.  286) 
is  readily  distinguished  by  having  the  two  lateral  leaflets  attached 
to  the  petiole  at  some  distance  below  its  apex,  and  by  the  joint 
which  is  observable  at  some  point  between  their  insertion  and  the 
lamina  of  the  terminal  leaflet.  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  in  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  Tliis  is  distinguished  from  a 
really  simple  leaf  by  the  joint  at  the  junction  of  the  partial  with  the 
general  petiole. 

291.  The  palmate  or  digitate  form  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  Horsechestnut  and  Buckeye  (Fig.  277),  and  the  common  Clover 
(Fig.  304).  Such  leaves  of  three,  five,  or  any  definite  number  of 
leaflets,  are  termed  palmately  (or  digitately)  trifoliolate,  Jive-foliolate, 
&c.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  unijuyate  (one- 
paired)  or  Innate.  By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  a  partial  petiole  (petiolide)  ; 
and  the  leaflet  thus  supported  is  petiolulate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  doubly  or  twice  compound.  Thus  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  Mpinnate  (Fig.  282),  or  if  still 
a  third  time  divided  it  is  tripinnate,  &c.  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  are  called  pinnae,  or  the 
"^bXts  jugcB.  So  a  trifoliolate  leaf  twice  compound  becomes  Alternate 
(Fig.  284)  ;  or  thrice,  tritemate,  &c.     When  the  primary  division 
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is  dictate,  Ihe  secondary  division  ia  oAen  pinnate,  thus  rorabining 
the  two  modes  in  the  eame  leaf.  A  leaf  irregularly  or  indeler- 
minately  several  times  compounded,  in  whatever  mode,  m  ea'A  to  be 
decompound. 

293.  LravfS  of  Pwnlfar  ConforniBlioil.  Tlie  blade  of  a  leaf  is  almo't 
always  symmetrical,  that  is,  the  portions  on  eai?h  side  of  the  midrib 
or  axis  are  similar;  but  occaaionally  one  side  is  more  developed  than 
the  other,  when  the  leaf  is  oblique,  as  is  strikingly  the  case  in  the 
species  of  Begonia  (Fig-  246 )  of  our  conservatories. 

294.  TtrtitalindEqaitBDtLcBm.  The  blade  is  abo 
commonly  horizontal,  presenting 

sky,  and  the  other  to  the  earth  ; 
two  surfaces  differ  in  structure  i 
appearance,  each  being  fitted  i 
fices :  if  artificially  reversed,  t 
reiiume   their  natural  position, 
prevented  from  doing  so.     But 
col  leaves,  the  two  surfaces  ar 
to  the  light,  and  are  similar  in 
pearance.     In  such  erect  and 
those  of  Iris  (Fig.  291);  it  is  re 
iace  tiat  is  presented  to  Ihe  a 
folded    together    lengthwise 
(eondupHcate),  and  consoli- 
dated while   in  the  nascent 
state,  so  that  the  true  upper 
surface  is   concealed  in   the 
interior,    except     near    the 
base,  where  they  alternately 
cover  over  each  other  in  the 
equitatU  manner  (258,  Fig. 

292).     True  vertical  leaves,  "' 

which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
sky,  generally  assume  this  position  by  a  twistiog  of  the  base  or 
the  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  iamily,  some  of  which  are  now  com- 
mon in  green-houses. 

295.  rerfoliate  LeaTn.      "While    in    Iris  the    two   halves    of  the 

Fia  291.    EqultanC  aeet  leu 
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leaflet  (Fig,  281,  288).  There  are  some  subordinate  modifications ; 
such  as  lyrately  pinnate,  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
is  completely  divided,  as  in  Fig.  285 ;  and  interruptedly  pinnate, 
when  gome  minute  leaflets  are  irregularly  intermixed  with  larger 
one:S5,  as  is  also  shown  to  some  extent  in  the  figure  last  cited.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  When 
reduced  to  a  small  number,  such  a  leaf  is  said  to  be  pinnately  seven-, 
ovfive-,  or  tri-foliolate,  as  the  case  may  be.  A  pinnate  leaf  of  three 
or  five  leaflets  is  of\en  called  temate  or  quinate  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also, 
and  more  appropriately,  to  the  case  of  three  or  five  simple  leaves 
growing  on  the  same  node.  A  pinnaiely  trifoliolate  leaf  (Fig.  286) 
is  readily  distinguished  by  having  the  two  lateral  leaflets  attached 
to  the  petiole  at  some  distance  below  its  apex,  and  by  the  joint 
which  is  observable  at  some  point  between  their  insertion  and  the 
lamina  of  the  terminal  leaflet.  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  in  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  This  is  distinguished  from  a 
really  simple  leaf  by  the  joint  at  the  junction  of  the  partial  with  the 
general  petiole. 

291.  The  palmcUe  or  digitate  form  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound  ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  Horsechesthut  and  Buckeye  (Fig.  277),  and  the  common  Clover 
(Fig.  304).  Such  leaves  of  three,  five,  or  any  definite  number  of 
leaflets,  are  ieriaedL  palmately  {pv  digitately)  trifoliolate,  five-foliolate, 
&c.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  unijuyate  (one- 
paired)  or  Innate.  By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  a.  partial  petiole  (pettoluk)  ; 
and  the  leaflet  thus  supported  19  petioltdate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  doubly  or  twice  compound.  Thus  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  hipinnate  (Fig.  282),  or  if  still 
a  third  time  divided  it  is  tripinnate,  &c.  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  are  called  piiince,  or  the 
pairs  yw^<».  So  a  trifoliolate  leaf  twice  compound  becomes  bitemate 
(Fig.  284)  ;  or  thrice,  tritemate,  &c.     When  the  primary  division 
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{3  digitate,  the  eecondRry  division  is  of>en  pinnate,  thui  combining 
the  two  modes  in  the  same  leaf.  A  leaf  irregularly  or  indeter- 
minately several  times  compounded,  in  whatever  mode,  is  said  lo  be 
decompound. 

293.  le«¥(s  of  Pwnilir  Conlornialion.  The  blade  of  a  leaf  is  almo=t 
always  symmetrical,  that  is,  the  portions  on  each  side  of  the  midrib 
or  axis  are  similar ;  but  occasionally  one  side  is  more  developed  than 
the  other,  when  the  leaf  is  oblique,  as  is  strikingly  the  case  in  the 
species  of  Begonia  (Fig.  246 )  of  our  conservatories. 

294.  TeriieilinilEqDitaiiltniTK,  Thebladeisako 
commonly  horizontal,  presenting 

sky,  and  the  other  to  the  earth ; 
two  surfaces  difier  in  structure  I 
appearance,  each  being  fitted  f 
fiees :  if  artificially  reversed,  I 
resume  their  natural  position, 
prevented  from  doing  so.     But 
cal  leaves,  the  two  surfaces  ar 
to  the  light,  and  are  similar  in 
pearanee.    In  such  erect  and 
those  of  Iris  (Fig.  291);  it  is  re; 
face  that  is  presented  to  the  a 
folded    together    lengthwise 
(cmtduplicate),  and  consoli- 
dated while  in  the  nascent 
state,  so  that  the  true  upper 
surface  is   concealed  in   the 
interior,    except     near    the 
base,  where  they  alternately 
cover  over  each  other  in  the 
equilant  manner  (258,  Fig. 

292).     True  vertical  leaves,  *" 

which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
sky,  generally  assume  this  position  by  a  twisting  of  the  ba-se  or 
the  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  family,  some  of  which  are  now  com- 
mon in  green-houses. 

295.  PerfolJDte  LtaTrs.     While   in   Iris  the   two  halves  of  the 

no.  set.    EqnlUnt  VHt  Inm  et  Irla,  vlUi  tb*  iwUtock. 
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leaflet  (Fig.  281,  288).  There  are  some  subordinate  modifications ; 
such  as  lyrcttely  pinnate^  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
is  completely  divided,  as  in  Fig.  285 ;  and  interruptedly  pinnate^ 
when  Fome  minute  leaflets  are  irregularly  intermixed  witli  larger 
ones,  as  is  abo  shown  to  some  extent  in  the  figure  last  cited.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  AVlien 
reduced  to  a  small  number,  such  a  leaf  is  said  to  be  pinnately  seven-, 
ovjive-,  or  tri-foliolaie,  as  the  case  may  be.  A  pinnate  leaf  of  three 
or  five  leaflets  is  of\en  called  temcUe  or  quxnate  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also, 
and  more  appropriately,  to  the  case  of  three  or  five  simple  leaves 
growing  on  the  same  node.  A  pinnately  trifoUolate  leaf  (Fig.  286) 
is  readily  distinguished'  by  having  the  two  lateral  leaflets  attached 
to  the  petiole  at  some  distance  below  its  apex,  and  by  the  joint 
which  is  observable  at  sopne  point  between  their  insertion  and  the 
lamina  of  the  terminal  leaflet.  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  in  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  Tliis  is  distinguished  froua  a 
really  simple  leaf  by  the  joint  at  the  junction  of  the  partial  with  the 
general  petiole. 

291.  The  palmate  or  digitate  form  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  Horsechestnut  and  Buckeye  (Fig.  277),  and  the  common  Clover 
(Fig.  304).  Such  leaves  of  three,  five,  or  any  definite  number  of 
leaflets,  are  termed  joo/mate/y  (pv  digitately)  trifoUolate,  five-foliolate, 
&c.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  unijugate  (one- 
paired)  or  Innate,  'By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  sl  partial  petiole  (petiolule)  ; 
and  the  leaflet  thus  supported  is  petiolulate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  doubly  or  twice  compound.  Thus  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  Upinnate  (Fig.  282),  or  if  still 
a  third  time  divided  it  is  tripinnate,  cfec.  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  are  called  pinnce,  or  the 
1^9!\T&  jugcB.  So  a  trifoliolate  leaf  twice  compound  becomes  bitemate 
(Fig.  284)  ;  or  thrice,  tritemate,  &c.     When  the  priraaiy  division 
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is  digitate,  the  Becondary  diTision  ia  oflen  pinnate,  thus  rombining 
the  two  modes  in  the  saroe  leaf.  A  leaf  irreguliirly  or  indeter- 
minately several  times  compounded,  in  whatever  mode,  is  eald  to  be 
decompound. 

293.  Ltayts  of  Pftnliar  ConlonnBlfon.  Tlie  blade  of  a  leaf  ii  almo-t 
always  Eymmetrical,  that  is,  the  portions  on  each  side  of  ihe  midrib 
or  axis  are  similar ;  bat  occasionally  one  side  is  more  developed  than 
the  other,  whea  the  leaf  is  oblique,  as  is  strikingly  the  case  in  the 
epecies  of  Begonia  (Fig.  246)  of  our  conservatories. 

294.  Vertinl  iQd  Eqaitant  Lnm.  The  blade  UaUo 

commonly  horizontal,  presenting 
eky,  and  Ihe  other  to  the  earth  ; 
two  surfaces  differ  in  structure  \ 
appearance,  each  being  fitted  f 
fices :  if  artificially  reversed,  1 
resume  their  natural  position, 
prevented  from  doing  eo.     But 
cal  leaves,  the  two  surfaces  ar 
to  the  light,  and  are  similar  in 
pearance.     In  such  erect  and 
those  of  Iris  (Pig.  291);  it  is  re; 
face  that  is  presented  to  the  a 
folded    together    lengthwise 
(couduplicau),  and  conioli- 
dated  while  in  the  nascent 
state,  so  that  the  true  upper 
Eur&ce  is   concealed  in   the 
interior,    except     near    the 
base,  where  they  alternately 
cover  over  each  other  in  the 
equitant  manner  (258,  Fig. 

292).     True  vertical  leaves,  "' 

which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
sky,  generally  assume  this  position  by  a  twisting  of  the  base  or 
the  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  family,  some  of  which  are  now  com- 
mon in  green-houses. 

295.  Perfoliate  LeaTM.      While    in    Iris  the    two   halves    of  tha 
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leaflet  (Fig,  281,  288).  There  are  some  subordinate  modifications ; 
such  as  lyrately  pinnate,  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
is  completely  divided,  as  in  Fig.  285 ;  and  interruptedly  pinnate, 
when  Fome  minute  leaflets  are  irregularly  intermixed  with  larger 
ones,  as  is  also  shown  to  some  extent  in  the  figure  last  cited.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  When 
reduced  to  a  small  number,  such  a  leaf  is  said  to  be  pinruUely  seven-, 
ov  five-,  or  tri-foliolate,  as  the  case  may  be.  A  pinnate  leaf  of  three 
or  five  leaflets  is  of\en  called  temate  or  quincUe  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also, 
and  more  appropriately,  to  the  case  of  tliree  or  five  simple  leaves 
growing  on  the  same  node.  A  pinnately  trifoliolaie  leaf  (Fig.  286) 
is  readily  distinguished  by  having  the  two  lateral  leaflets  attached 
to  the  petiole  at  some  distance  below  its  apex,  and  by  the  joint 
which  is  observable  at  some  point  between  their  insertion  and  the 
lamina  of  the  terminal  leaflet.  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  in  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  Tliis  is  distinguished  from  a 
really  simple  leaf  by  the  joint  at  the  junction  of  the  partial  with  the 
general  petiole. 

291.  The  palmate  or  digitate  form  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  Horsechestnut  and  Buckeye  (Fig.  277),  and  the  conunon  Clover 
(Fig.  304).  Such  leaves  of  three,  five,  or  any  definite  number  of 
leaflets,  are  termed  palmately  {ov  digitately)  trifoliolate,  Jive-foliolate, 
&c.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  unijuyate  (one- 
paired)  or  binate*  By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  a.  partial  petiole  {petiolvle)  ; 
and  the  leaflet  thus  supported  is  petiolulate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  doubly  or  twice  compound.  Thus  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  bipin7iate  (Fig.  282),  or  if  still 
a  third  time  divided  it  is  tripinnate,  &c.  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  ai-e  called  pinnce,  or  the 
pairs  yM^<».  So  a  trifoliolate  leaf  twice  compound  becomes  bitemate 
(Fig.  284)  ;  or  thrice,  tritemate,  &c.     When  the  primary  division 
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is  dictate,  the  secondary  division  is  often  pinnale,  thus  combining 
the  two  modes  in  the  same  leaf.  A  leaf  irregularly  or  imleler- 
minately  several  times  compounded,  in  wlialever  mode,  is  6a!d  to  be 
decompound. 

293.  Uavrs  of  Ptnilfar  ConforniBlloil.  The  blade  of  a  leaf  is  almoH 
always  symmetrical,  ttint  is,  the  portjons  on  each  side  of  the  midrib 
or  axis  are  similar;  but  occasionally  one  side  is  more  developed  than 
the  other,  when  the  leaf  is  oblique,  as  is  strikingly  the  case  in  the 
species  of  Begonia  {Fig.  246 )  of  our  conservatories. 

294.  TerlitalindEqnitBiitLeiTn.  The  blade  is  also 
commonly  horizontal,  presenting 

sky,  and  the  other  to  the  earth  ; 
two  surfaces  differ  in  structure  i 
appearance,  each  being  fitted  i 
fices ;  if  artificially  reversed,  t 
resume  their  natural  position, 
prevented  from  doing  eo.     But 
cat  leaves,  the  two  surfaces  ar 
to  the  light,  and  are  similar  in 
pearance.     In  such  erect  and 
those  of  Iris  (Fig.  291))  it  is  re 
&ce  that  is  presented  to  the  a 
folded    tf^ther    lengthwise 
(eonduplicate),  and   consoli- 
dated while  in  the   nascent 
state,  so  that  the  true  upper 
surface  is   concealed  in   the 
interior,    except     near    the 
hose,  where  they  alternately 
coTcr  over  each  other  in  the 
eguitanl  manner  (258,  Fig. 

292).     True  vertical  leaves,  "' 

which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
sky,  generally  assume  this  position  by  a  twisting  of  the  base  or 
the  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  family,  some  of  which  are  now  com- 
mon in  green-houses. 

295.  Terfolialt  Learn.      While    in    Iris  the    two    halves   of  the 


1C6 


THE   LKAYES, 


993 


upper  surface  of  a  folded  leaf  cohere,  those  of  some  other  plants  ex* 

hibit  a  cohesion  by  their  contiguous  edges,  and  give  rise  to  a  differ- 

BRt  anomaly.  This  is  iUustrated  by  peltate 
leaves  (Fig.  248),  and  more  strikingly  by 
what  are  tenned  perfoliate  leaves.  These  in 
pome  cases  originate  from  the  union  of  the 
bases  of  a  pair  of  opposite*  sessile  leaves  (con^ 
nate^erfoltate),  as  in  SUphium  perfoliatum, 
Triosteum  perfo- 
liatum, and  the 
upper  pairs  of 
true  Honeysuckle 
(Fig.  294).  In 
others  they  con- 
sist of  a  single 
clasping  leaf,  the 
posterior  lobes  of 

which  encompass  the  stem  and  cohere 

on  the  opposite  side,  as  is  seen  in  Bu- 

pleurum  rotundifolium,  Uvularia  perfo- 

liata,  and  Baptisia  perfoliata  (Fig.  293). 

296.  leaves  with  no  distinction  of  Blad( 

and  Petiole.  The  leaves  of  the  Iris,  as 
well  as  those  of  the  Daffodil,  the  Onion, 
and  of  many  other  Endogens,  show  no 
distinction  of  blade  and  petiole.  In  some  the  leaf  of  this  sort  may 
be  regai'ded  as  a  sessile  blade ;  in  others,  rather  as  a  petiole  per- 
forming the  functions  of  a  blade.  Leaves  are  not  always  expanded 
bodies.  Sometimes  they  are  fliform  or  thread'shaped,  as  those  of 
Asparagus  :  some  are  acicular^  acerosey  or  needle-shaped,  as  in  Pines 
and  Larches  (Fig.  212,  213)  ;  others  are  suBuIcde  or  awUshaped,  as 
in  Juniper,  &c.  The  Red  Cedar  and  Arbor  Vitae  (Fig.  295)  exhibit 
both  awl-shaped  and  scale-shaped  leaves  on  different  branchlets. 

297.  Sneenlent  or  Fleshy  Leaves,  like  those  of  Stonecrop,  House- 
leek,  Mesembi-yanthemum  or  Ice-Plant,  and  the  Agave  or  Century- 
Plant,  usually  assume  shapes  more  or  less  unlike  ordinary  foliage. 
Some  of  them  are  terete,  like  stems,  or  at  least  have  no  distinct 
upper  and  lower  surface.     These  greatly  tliickened  leaves  serve  a 

FIG.  293.    Perfoliate  (single)  lear^  of  Baptisia  perfoliata. 

yiO.  294.    Connate-perfollato  leaTet  of  a  wild  Honeytudito  (Lonloeia  Hsra). 
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double  purpose,  being  not  only  organs  for  assimilation,  —  the  general 
office  of  foliage,  —  but  also  repositories  in  which 
assimilated  matter  is  stored  up,  just  as  in  the  root 
of  the  Beet  and  Radish  (Fig.  138),  or  in  subter- 
ranean stems  or  branches  in  rootstocks,  tubers, 
and  corms  ( 188  - 190, 194).  The  bases  of  tho^e 
leaves  which  form  the  scales  of  bulbs  (191)  are 
turned  to  the  same  use.  In  Fig.  176  we  have  a 
leaf  the  blade  of  which  acts  as  foliage  in  the  ordi- 
nary manner  of  leaves,  while  its  subterranean 
thickened  base  serves  as  a  repository  of  nutri- 
ment which  the  blade  has  elaborated.  The  very 
first  leaves  of  the  plant,  viz.  the  cotyledons  or 
seed-leaves  (120-123)  are  commonly  subservi- 
ent to  this  purpose,  and  some- 
times to  no  other,  as  in  the 
Pea,  Horsechestnut,Oak,  &c. 
(124),  where  these  leaves  are  mere  repositories 
of  food  for  the  use  of  the  germinating  plant. 

298.  Leaves  as  Bud-scales,  &e.  (161)  exhibit  the 

same  organ  under  a  different  modification,  and 
subserving  a  different  special  purpose.  Of  the 
same  nature  are  the  degenerated  or  abortive 
scale-like  leaves  on  the  vernal  stems  of  peren- 
nial herbs  near  or  beneath  the  surface  of  the 
ground,  and  on  Asparagus  shoots,  and  also  tho:fe 
scales  which  colored  parasitic  plants  produce  in 
place  of  foliage  (152).  The  primary  leaves  of 
Pines  are  all  thin  and  dry  bud-scales ;  the  actual 
foliage  originating  from  a  branch  in  the  axil  of 
each  (Fig.  212). 

299.  LeUTes  as  Tendrils  are  seen  in  the  proper 

Pea  tribe  ;  where  however  only  the  extremity 

of  the  common  petiole  is  transformed  in  this 

298  manner  (Fig.  287,    289);  but  in  one  plant 

of  the  kind  (Lathyrus  Aphaca)  th^  whole  leaf  becomes  a  tendril. 

300.  leaves  as  Spines  occur  in  several  plants.     The  primary  leaves 

716.  296.    A  twig  of  AnMriean  Arbor  Tite,  ezliiUting  both  awl-shaped  and  scale-shaped 


no.  296.    A  summer  shoot  of  the  Barberry,  showing  a  lower  leaf  in  the  normal  state ;  the 
next  partially,  those  still  higher  completely,  tnmsformed  into  spinas. 


of  the  shoots  of  the  common  Ilarb^rty  ofier  a  familiar  inslaTirA  of 
the  kind  (Fig.  296).  The  most  exiraordinai?  modification  of  the 
leafoccursin  the 

SOI.  Fly-tnpt  of  Diontea  muscipula,  the  Venus's  Fly-trap  of  NoHli 
Carolina  (wliich  is  found  onl; 
in  the  Ticinity  of  Wihning- 
ton,  where  it  abounds  in 
wet  and  sandy  bogs).    Each 


leaf  of  this  most  curious  plant  bears  at  its  summit  an  append- 
age (answering,  perhaps,  to  the  proper  blade),  which  opens  and 
shuts :  fringed  with  strong  bristles  or  slender  teeth  on  its  margin, 
it  bears  some  resemblance  Id  a  steel-trap,  and  operates  much  like 
one.  For  when  open,  as  it  commonly  is  when  the  sun  shines, 
no  sooner  does  a  fly  alight  on  its  surface,  and  hru.>>h  against  any 
one  of  the  several  long  bristles  that  grow  there,  than  the  trap 
suddenly  closes,  often  capturing  the  intruder,  pressing  it  all  the 
harder  for  its  struggles,  and  commonly  depriving  it  of  life.  After 
all  movement  has  ceased  within,  the  trap  slowly  opens,  and  is  ready 
for  another  capture.  Why  this  plant  catches  insects,  we  are  unable 
to  say  ;  and  as  to  the  mechanism  of  the  movement  it  is  no  moi-e  and 
no  less  explicable  than  the  much  slower  movements  of  ordinary 
leaves  in  changing  their  position. 

!L  Thna  or  tin  1ht«,  of 
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S02.  Auidit  or  Filthcn,  or  tubes  opea  at  the  Bummit,  represent 
anotiier  remarkable  form  of  leaves.  These  occur  in  scferal  planU 
of  widely  different  families.  If  we  coDceive  the  margins  of  th« 
dilated  part  of  the  leaf  of  Dioniea  to  curve  inwards  until  they  meet, 
and  cohere  with  each  other,  there  would  result  a  leaf  in  form  oot 
unlike  that  of  Sarracenia  purpurea,  the  common  Pitcher-plant  or 
Sidesaddle  Flower  of  the  Northern  United  States  (Fig.  300).     So 


the  tube  or  pitcher  haa  been  supposed  to  answer  to  the  petiole,  and 
the  hood  at  the  summit  to  the  blade.  And  this  view  is  strengthened 
by  a  Pitcher-plant  of  the  same  family  (Heliamphora,  Fig.  299), 
discovered  by  Mr.  Schomburgk  in  the  mountains  of  British  Guiana, 
in  which  the  pitcher  is  not  always  completed  quite  to  the  summit, 
and  the  hood  is  represented  by  a  email  concave  terminal  appendage. 
In  the  curious  Kepenthes  (Fig.  301),  the  petiole  is  first  dilated  into 
a  kind  of  lamina,  then  contracted  into  a  tendril,  and  finally  dilated 
into  a  pitcher,  containing  fluid  secreted  by  the  plant  itself;  the  orifice 
being  accurately  closed  by  a  lid,  which  from  analogy  was  supposed  to 
represent  the  real  blade  of  the  leaf.  The  study  of  the  development, 
however  (recently  made  by  Dr.  Hooker),  does  not  confirm  this 
I^^xithesis.  The  whole  pitcher  of  Nepenthes  is  only  an  anom- 
alous appendage  of  the  tendril-like  prolongation  of  the  midrib  of  the 
real  blade  of  the  leaf.  A  new  Pitcher-plant  of  the  Sarracenia  family 
(the  Darlingtonia),  discovered  by  Mr.  Brackenridge  in  California, 
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has  recently  been  made  known  hj  Dr.  Torrey.  In  this  the  enlarged 
summit  of  the  tube  is  strongly  arched  like  a  hood  (as  in  Sarracenia 
psittacina  of  the  Southern  States),  and  is  abruptly  terminated  by  a 
singular  two-lobed  foliaceous  appendage,  resembling  the  forked  tail 
of  a  fish. 

303.  The  PetiolOf  or  Leafltalk,  is  usually  either  round,  or  half-cylin- 
drical and  channelled  on  the  upper  side.  But  in  the  Aspen,  it  is 
strongly  flattened  at  right  angles  with  the  blade,  so  that  the  slightest 
breath  of  air  puts  the  leaves  in  motion.  It  is  not  unfrequently  fur- 
nished with  a  leaf-like  border,  or  ring ;  which,  in  the  Sweet  Pea  of 
the  gardens,  extends  downward  along  the  stem,  on  which  the  leaves 
are  then  said  to  be  decurrent ;  or  the  stalk  or  stem  thus  bordered 
is  said  to  be  cdate  or  winged.  In  many  Umbelliferous  plants,  the 
petiole  is  dilated  below  into  a  broad  and  membranaceous  inflated 
sheath;  and  in  a  great  number  of  Endogenous  plants  the  petiole 
consists  of  a  sheath,  embracing  the  stem,  which  in  Grasses  is  fur- 
nished at  the  summit  with  a  membranous  appendage,  in  some  sort 
equivalent  to  the  stipules,  called  the  ligide  (Fig.  237).  The  woody 
and  vascular  tissue  runs  lengthwise  through  the  petiole,  in  the  form 
usually  of  a  definite  number  of  parallel  threads,  to  be  ramified  in  the 
blade.  The  ends  of  these  threads  are  apparent  on  the  base  of  the 
leafstalk  when  it  falls  off,  and  on  the  scar  led  on  the  stem,  as  so 
many  round  dots  (Fig.  153,  b),  of  a  uniform  number  and  arrange- 
ment in  each  species. 

304.  Phyllodia  (Fig.  302,  303).  Occasionally  the  whole  petiole 
dilates  into  a  kind  of  blade,  traversed  by  ribs,  mostly  of  the  parallel- 
veined  kind.  In  these  cases  the  proper  blade  of  the  leaf  commonly 
disappears ;  this  substitute,  called  a  PhyUodium  (meaning  a  leaf-like 
body),  taking  its  place.  These  phyllodia  constitute  the  whole  foliage 
of  the  numerous  Australian  Acacias.  Here  they  are  at  once  dis- 
tinguished from  leaves  with  a  true  blade  by  being  entire  and  parallel- 
veined  ;  while  their  proper  leaves  (of  which  the  earlier  ones  uni- 
formly appear  in  germination,  and  also  later  ones  in  casual  instances) 
are  compound  and  netted-veined.  They  are  also  to  be  recognized  by 
their  uniformly  vertical  position,  presenting  their  margins  instead  of 
their  surfaces  to  the  earth  and  sky ;  and  they  sometimes  bear  a  true 
compound  lamina  at  the  apex,  as  in  Fig.  303. 

305.  Stipules  (259,  Fig.  229)  are  lateral  appendages  of  leaves, 
usually  appearing  as  small  foliaceous  bodies,  one  on  each  side  of  the 
base  of  the  petiole.     They  are  not  found  at  all  in  a  great  nupiber  of 
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plants  ;  but  tbeir  presence  or  absence  is  usually  uniform  throughout 
a  natural  order.     Stipules  Bdanme  a  great  variety  of  forms  analogous 
to  those  of  the  blade.     Like  it  they  are  sometimes  membranaceous 
or  scale-like,  and  sometimes  transformed  into  xpines,  as  in  the  Locust- 
tree,    &c.      They    are   eometimea    present    on    developing    eIiooIs 
only  ;  as  in  the  Beech,  the  Fig,  and  the  Magnolia  (Fig.  155,  iS6), 
where  they  form  the  covering  of  the  buds,  but  fall  away  aa  the 
leaves  expand.     They  have  a  strong 
tendency  to  cohere  with  each  other,  or 
with  the  base  of  the  petiole.     Thu^,  in 
the  Clover  (Fig.  304),  the  Strawberry, 
and  the  Roie  (Fig.  281),  a  stipule  ad- 
heres to  each  side  of  the  base  of  the 
petiole  ;  in  the  Plane-tree,  the  two  are 
free  from  the  petiole,  but  cohere  by 
their  outer  ftiargins,  so  as  to  form  an 
apparently  single  stipule  opposite  the 
leaf.     In  other  cases,  both  margins  :  re 
united,  forming  a  sheath  around  the 
stem,  just  above  the  leaf :  these  are 
called  inlrafoliaeeous    stipules;    and 
when  membranaceous,  as  in  Polygo- 
num (Fig.  305),  they  have  been  termed 
ochreie.     When  opposite  leaves  have 
stipules,  they  usually  occupy  the  space 
between  the  petioles  on  each  side,  and 
are  termed  inlerpeltolar.    The  stipules 
of  each  leaf  (one  on  each  side),  being 

thus  placed  in  contact,  frequently  unite  w  an 

EO  as  to  form  apparently  but  a  single  pair  of  stipules  for  each  pair 
of  leaves  ;  instances  of  which  are  very  common  in  the  order 
Bubiacete. 

306.  Leavesfumished  with  stipules  are  said  to  be  *fiJ7u7af#.'  when 
destitute  of  them,  exslipulate.  The  leaflets  of  compound  leaves  are 
sometimes  provided  with  small  stipules  (termed  tfipeUet)  of  their 
own,  as  in  the  Bean  (Fig.  286)  ;  when  they  are  siud  to  be  ttipeUaie. 

FIG   301.    Alsr  of  Red  Oorer,  iriUi  It*  Oata  luAaU  ^  tin  nuumlt  of  Uw  iHhUlk,  la 
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Sect.  IIL     The  Duration  of  Leaves,  and  the   Genebal 

Action  of  Foliage. 

807.  Leaves  last  only  for  a  limited  period,  and  are  thrown  ofi^ 
or  else  perish  and  decay  on  the  stem,  afler  having  fulfilled  their 
office  for  a  certain  time. 

308.  Dofation  of  leaves.  In  view  of  their  duration,  leaves  are 
called  fugaciou$^  when  they  fall  off  soon  after  their  appearance ; 
deciduous^  when  they  last  only  for  a  single  season ;  and  persist'  ^ 
enty  when  they  remain  through  the  cold  season,  or  other  interval 
during  which  vegetation  is  interrupted,  and  until  after  the  appear 
ance  of  new  leaves,  so  that  the  stem  is  never  leafless ;  as  m  M>er^ 
greens, 

309.  Leaves  last  only  for  a  single  year  in  many  Evergreens,  as 
well  as  in  deciduous-leaved  plants  ;  the  old  leaves  falling  soon  after 
those  of  the  ensuing  season  are  expanded,  or,  if  they  remain  longer, 
ceasing  to  hear  any  active  part  in  the  economy  of  the  vegetable, 
and  soon  losing  their  vitality  altogether.  In  Pines  and  Firs,  how- 
ever, although  there  is  an  annual  fall  of  leaves  either  in  autumn  or 
spring,  yet  these  were  the  produce  of  some  season  earlier  than  the 
last ;  and  the  branches  are  continually  clothed  with  the  foliage  of 
from  two  to  five,  or  even  eight  or  ten,  successive  years.  On  the 
other  hand,  it  is  seldom  that  all  the  leaves  of  an  herb  endure 
through  the  whole  growing  season,  the  earlier  foliage  near  the  base 
of  the  stem  perishing  while  fresh  leaves  are  still  appearing  above. 
In  our  deciduous  trees  and  shrubs,  however,  the  leaves  of  the 
season  are  mostly  developed  within  a  short  period,  and  they  all 
perish  nearly  at  the  same  time.  They  are  not  destroyed  by  frost, 
as  is  commonly  supposed;  for  they  begin  to  languish,  and  often 
assume  their  autumnal  tints  (as  happens  with  the  Red  Maple 
especially),  or  even  fall,  before  the  earlier  frosts  ;  and  when  vernal 
vegetation  is  destroyed  by  frost,  the  leaves  blacken  and  wither,  but 
do  not  fall  off  entire,  as  they  do  in  autumn.  Some  leaves  are  cast 
off,  indeed,  while  their  tissues  have  by  no  means  lost  their  vital- 
ity. Death  is  often  rather  a  consequence  than  the  cause  of  the 
fall.  Others  die  and  decay  on  the  stem  without  falling,  as  in 
Palms  and  most  Endogens.  In  some  cases  many  of  the  dead 
leaves  hang  on  the  branches  through  the  winter,  as  in  the  Beech, 
filing  only  when  the  new  buds  expand,  the  fpllpwinj  spring.     We 
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must  therefore  distinguish  between  the  death  and  the  fall  of  the 
leaf* 

310.  Tfaf  Fall  of  the  Leaf  is  owing  to  an  organic  separation,  through 
an  articuicUion,  or  joint,  which  forms  between  the  base  of  the 
petiole  and  the  surface  of  the  stem  on  which  it  rests.  The  forma- 
tion of  the  articulation  is  a  vital  process,  a  kind  of  disintegration  of 
a  transverse  layer  of  cells,  which  cuts  off  the  petiole  bj  a  regular 
line,  in  a  perfectly  uniform  manner  in  each  species,  leaving  a  clean 
scar  at  the  insertion  (Fig.  153,  155).  The  solution  of  continuity 
begins  in  the  epidermis,  where  a  faint  line  marks  the  position  ci  the 
future  joint  while  the  leaf 'is  still  young  and  vigorous:  later,  the 
line  of  demarcation  becomes  well  marked,  internally  as  well  as  ex« 
temally ;  the  disintegrating  process  advances  from  without  inwarda, 
until  it  reaches  the  woody  bundles ;  and  the  side  next  the  stem, 
which  is  to  form  the  surface  of  the  scar,  has  a  layer  of  cells  con* 
densed  into  what  appears  like  a  prolongation  of  the  epidermis,  so 
that,  when  the  leaf  separates,  ^the  tree  does  not  suffer  from  the 
effects  of  an  open  wound."  ^  The  provision  for  the  separation  being 
once  complete,  it  requires  little  to  effect  it ;  a  desiccation  of  one  side 
of  the  leafstalk,  by  causing  an  effort  of  torsion,  will  readily  break 
through  the  small  remains  of  the  fibro-vascular  bundles  ;  or  the  in* 
creased  size  of  the  coming  leaf-bud  will  snap  them ;  or,  if  these 
causes  are  not  in  operation,  a  gust  of  wind,  a  heavy  shower,  or  even 
the  simple  weight  of  the  lamina,  will  be  enough  to  disrupt  the  small 
connections  and  send  the  suicidal  member  to  its  grave.  Such  is  the 
history  of  the  fall  of  the  leaf.  We  have  found  that  it  is  not  an  ac- 
cidental occurrence,  arising  simply  from  the  vicissitudes  of  tempera- 
ture and  the  like,  but  a  regular  and  vital  process,  which  commences 
with  the  first  formation  of  the  organ,  and  is  completed  only  when 
that  is  no  longer  useful ;  and  we  cannot  help  admiring  the  wonder- 
ful provision  that  heals  the  wound  even  before  it  is  absolutely  made, 
and  aff(M*ds  a  covering  from  atmospheric  changes  before  the  part  can 
be  subjected  to  them."  *  Leaves  fall  by  an  articulation  in  most 
Exogenous  plants,  where  the  insertion  usually  occupies  only  a 
moderate  part  of  the  circumference  of  the  stem,  and. especially  in 
those  with  woody  stems  which  continue  to  increase  in  diameter. 
When  they  are  not  cast  off  in  autumn,  therefore,  the  disruption 
inevitably  takes  place  the  next  spring,  or  whenever  the  circumfer* 

^^—  ■  ■  ■  ■ ■  !■«  Ill ■»■,,.       I     .»— .^»-^— — i^.^^ 

*  Dr.  laman,  in  Henfrey'a  BoianUxU  Gazette,  Vol.  1.  p.  61. 
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ence  further  enlarges.  But  in  most  Endogenous  plants,  where  the 
leaves  are  scarcely,  if  at  all,  articulated  with  the  stem,  which  in- 
creases little  in  diameter  subsequent  to  its  early  growth,  they  arc 
not  thrown  off,  but  simply  wither  and  decay ;  their  dead  bases  or 
petioles  being  of^en  persistent  for  a  long  time. 

311.  The  Death  of  t!ie  Leaf,  however,  in  these  and  other  cases,  is 
still  to  be  explained.  Why  have  leaves  such  a  temporary  exist- 
ence ?  Why  in  ordinary  cases  do  they  last  only  for  a  single  year, 
or  a  single  summer  ?  An  answer  to  this  question  is  to  be  found 
in  the  uiatomical  structure  of  the  leaf,  and  the  nature  and  amount 
of  the  fluid  which  it  receives  and  exhales.  The  water  continually 
absorbed  by  the  roots  dissolves,  aa  it  percolates  the  soil,  a  small 
portion  of  earthy  matter.  In  limestone  districts  especially,  it  takes 
up  a  sensible  quantity  of  carbonate  and  sulphate  of  lime,  and  be- 
comes hard.  It  likewise  dissolves  a  smaller  proportion  of  silex, 
magnesia,  potash,  <&c.  A  part  of  this  mineral  matter  (44,  93)  is  at 
once  deposited  in  the  woody  tissue  of  the  stem ;  but  a  larger  por- 
tion is  carried  into  the  leaves,  where,  as  the  water  is  exhaled 
pure,  all  this  earthy  substance,  not  being  volatile,  must  be  left  be- 
hind to  incrust  the  delicate  cells  of  the  parenchyma,  much  as  the 
vessels  in  which  water  is  boiled  for  culinary  purposes  are  in  time 
incrusted  with  an  earthy  deposit.  This  earthy  incrustation,  in  con- 
nection with  the  deposition  of  organic  solidified  matter,  must  grad- 
ually choke  the  tissue  of  the  leaf,  and  finally  unfit  it  for  the  per- 
formance of  its  offices.  Hence  the  fresh  leaves  most  actively  fulfil 
their  functions  in  spring  and  early  summer ;  but  languish  towards 
autumn,  and  erelong  inevitably  perish.  Hence,  although  the  roots 
and  branches  may  be  permanent,  the  necessity  tliat  the  leaves 
should  be  annually  renewed.  But  the  former  are,  in  fact,  annually 
renewed  likewise  ;  and  life  abandons  the  annual  layers  of  wood  and 
bark  almost  as  soon  as  it  does  the  teaves  they  supply  (224,  231), 
and  for  similar  reasons ;  although  their  situation  is  such  ^hat  they 
become  part  of  a  permanent  structure,  and  serve  to  convey  the  sap, 
even  when  no  longer  endowed  with  vitality. 

312.  The  general  correctness  of  this  view  may  be  tested  by  direct 
microscopical  observation.  In  Fig.  223,  224,  some  superficial  paren- 
chyma thus  obstructed  by  long  use  is  represented;  and  similar 
illustrations  may  be  obtained  from  ordinary  leaves.  That  this 
deposit  consists  in  great  part  of  earthy  matter,  is  shown  by  care- 
fully burning  away  the  organic  materitds  of  an  autumnal  leaf  over 
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a  lamp,  and  examining  the  ashes  by  the  microscope ;  which  will  be 
found  very  perfectly  to  exhibit  the  form  of  the  cells.  The  ashes 
which  remain  when  a  leaf  or  other  vegetable  substance  is  burned 
in  the  open  air,  represent  the  earthy  materials  which  it  has  accu- 
mulated. A  vernal  leaf  leaves  only  a  small  quantity  of  ashes  ;  an 
autumnal  leaf  yields  a  very  large  proportion,  —  from  ten  to  thirty 
times  as  much  as  the  wood  of  the  same  species ;  although  the  leaves 
contain  the  deposit  of  a  single  season  only,  while  the  heart-wood  is 
loaded  with  the  accumulations  of  successive  years.* 

313.  Exhalation  from  the  leaves.  The  quantity  of  water  exhaled 
from  the  leaves  during  active  vegetation  is  very  great.  In  one  of 
the  well-known  experiments  of  Hales,  a  Sunflower  three  and  a  half 
feet  high,  with  a  surface  of  5,C16  square  inches  exposed  to  the  air, 
was  found  to  perspire  at  the  rate  of  twenty  to  thirty  ounces  avoirdu- 
pois every  twelve  hours,  or  seventeen  times  more  than  a  man.  A 
Vine,  with  twelve  square  feet  of  foliage,  exhaled  at  the  rate  of  five 
or  six  ounces  a  day ;  and  a  seedling  Apple-tree,  with  eleven  square 
feet  of  foliage,  lost  nine  ounces  a  day^  The  amount  varies  with  the 
degree  of  warmth  and  dryness  of  the  air,  and  of  exposure  to  light ; 
and  is  also  very  different  in  different  species,  some  exhaling  more 
copiously  even  than  the  Sunflower.  But  when  we  consider  the  vast 
perspiring  surface  presented  by  a  large  tree  in  full  leaf,  it  is  evident 
that  the  quantity  of  wateiy  vapor  it  exhales  must  be  immense. 
This  exhalation  is  dependent  on  the  capacity  of  the  air  for  moisture 
at  the  time,  and  upon  the  presence  of  the  sun ;  often  it  is  scarcely 
perceptible  during  the  night.  The  Sunflower,  in  the  experiment  of 
Hales,  lost  only  three  ounces  in  a  warm,  dry  night,  and  underwent 
no  diminution  during  a  dewy  night. 

314.  Rise  of  the  Sapt  Now  this-  exhalation  by  the  leaves  requires 
a  corresponding  absorption  by  the  roots.  The  one  is  the  measure 
of  the  other.  If  the  leaves  exhale  more  in  a  given  time  than  the 
roots  can  restore  by  absorption  from  the  soil,  the  foliage  droops ; 
as  we  see  in  a  hot  and  dry  summer  afternoon,  when  the  drain  by 

*  The  dried  leaves  of  the  Ehn  contain  more  than  eleven  per  cent  of  ashes, 
while  the  wood  contains  less  than  two  per  cent ;  those  of  the  Willow,  more 
than  eight  per  cent,  while  the  wood  has  only  0  45 ;  those  of  the  Beech,  6.69, 
the  wood  only  0.36  ;  those  of  the  (European)  Oak,  4.05,  the  wood  only  0.21 ; 
those  of  the  Pitch-Pine,  3.15,  the  wood  only  0.25  per  cent.  Hence  the  decaying 
foliage  in  our  forests  restores  to  the  soil  a  large  proportion  of  the  inorganic 
matter  which  the  trees  from  year  to  year  take  from  it 
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exhalation  ig  very  great,  while  a  further  supply  of  moisture  can 
hardly  be  extorted  from  the  parched  soil ;  —  as  we  observe  also  in 
a  leafy  plant  newly  transplanted,  where  the  injured  rootlets  are  not 
immediately  in  a  fit  condition  for  absorption.  Ordinarily,  how- 
ever, exhalation  by  the  leaves  and  absorption  by  the  roots  are  in 
direct  ratio  to  each  other,  and  the  loss  sustained  by  the  leaves  is 
immediately  restored  (by  endosmosis,  40)  through  the  ascent  of  the 
sap  from  the  branches,  the  latter  being  constantly  supplied  by  the 
stem ;  so  that,  during  active  vegetation,  the  sap  ascends  from  the 
remotest  rootlets  to  the  highest  leaves,  at  a  rate  corresponding  to 
the  amount  of  exhalation.  The  action  of  the  leaves  is,  therefore, 
the  principal  mechanical  cause  of  the  ascent  of  the  sap.  This  is 
well  illustrated  when  a  graft  has  a  different  time  of  leafing  from 
that  of  the  stock  upon  which  it  is  made  to  grow,  the  graft  wholly 
regulating  the  season  or  temperature  at  which  the  sap  is  put  in 
motion,  and  controlling  the  habits  of  the  original  stock.  Also  by 
introducing  the  branches  of  a  tree  into  a  conservatory  during 
winter ;  when,  as  their  buds  expand,  the  sap  in  the  trunk  without 
is  set  unseasonably  into  motion  to  supply  the  demand. 

315.  During  the  summer's  vegetation,  while  the  sap  is  consumed 
or  exhaled  almost  as  fast  as  it  enters  the  plant,  no  considerable  ac- 
cumulation can  take  place  :  but  in  autumn,  when  the  leaves  perish, 
the  rootlets,  buried  in  the  soil  beyond  the  influence  of  the  cold, 
which  checks  all  vegetation  above  ground,  continue  for  a  time  slowly 
to  absorb  the  fluid  presented  to  them.  Thus  the  trunks  of  many 
trees  are  at  this  season  gorged  with  sap,  which  will  flow  from  in- 
cisions made  into  the  wood.  This  sap  undergoes  a  gradual  change 
during  the  winter,  and  deposits  its  solid  matter  in  the  cells  of  the 
wood.  The  absorption  recommeftces  in  the  spring,  before  new 
leaveis  are  expanded  to  consume  the  fluid ;  chemical  changes  take 
place  ;  the  soluble  matters  in  the  tissue  of  the  stem  are  redissolved, 
and  the  trunk  is  consequently  again  gorged  with  sap,  which  will 
flow,  or  Meed,  when  wounded.  But  when  the  leaves  resume  their 
functions,  or  when  flowers  are  developed  before  the  leaves  appear, 
as  in  many  forest-trees,  this  stock  of  rich  sap  is  rapidly  consumed, 
and  the  sap  will  no  longer  flow  from  an  incision.  It  is  not,  there- 
fore, at  the  period  when  the  trunk  is  most  gorged  with  sap,  in  spring 
and  autumn,  but  when  least  so,  during  summer,  that  the  sap  is  prob- 
ably most  rapidly  ascending. 
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CHAPTER     VI. 

OP  THE  POOD   AND  NUTRITION   OP  PLANTB. 

Sect,  L    The  General  Physiology  of  Vegetation. 

^  316.  The  Organs  of  Vegetation  or  Nutrition  (those  by  which 
plants  grow  and  form  their  various  products)  having  now  been  con- 
sidered, both  as  to  their  structure  and  to  some  extent  as  to  their 
action,  we  are  prepared  to  take  a  comprehensive  survey  of  the 
general  results  of  vegetation ;  to  inquire  into  the  elementary  com- 
position of  plants,  the  nature  of  the  food  by  which  they  are  nour- 
ished, the  sources  from  which  this  food  is  dei*ived,  and  the  transfor- 
maticms  it  undergoes  in  their  system.  It  is  in  vegetable  digestion, 
or,  to  use  a  better  term,  in  asnmilation,  that  the  essential  nature  of 
vegetation  is  to  be  sought,  since  it  is  in  this  process  alone  that  min- 
eral, unorganized  matter  is  converted  into  the  tissue  of  plants  and 
other  forms  of  organized  matter  (1,  12-16).  From  this  point  of 
view,  therefore,  the  reciprocal  relations  and  influences  of  the  min- 
eral, vegetable,  and  animal  kingdoms  may  be  most  advantageously 
contemplated,  and  the  office  of  plants  in  the  general  economy  of  the 
world  best  understood.  This  portion  of  general  physiology  is  inti- 
mately connected  with  chemistry,  and  some  knowledge  of  that  sci- 
ence is  requisite  for  understanding  it.  We  are  here  restricted  to 
the  bare  statement  of  the  leading  facts  which  are  thought  to  be 
established,  and  the  more  important  deductimis  which  may  be  drawn 
from  them. 

317.  Wliile  the  organs  of  vegetation  have  been  considered  ana- 
tomically and  morphologically,  or  in  view  of  their  structure  and 
development,  still  the  leading  points  of  their  physiology,  or  connected 
action  in  the  life  and  growth  of  the  plant,  have  from  time  to  time 
been  explained  or  assumed. 

318.  The  functions  of  nutrition,  which,  in  the  higher  anifOals, 
comprise  a  variety  of  distinct  processes,  are  reduced  to  the  greatest 
degree  of  simplicity  in  vegetables.  LnJbibUiony  assitmlationj  and 
growth  essentially  include  the  whole. 

319.  Plants  absorb  their  food,  entirely  in  a  liquid  or  gaseous  ibrm, 
by  imbibition,  according  to  the  law  of  endosmosis  (40),  through  the 
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walk  of  the  cells  that  form  the  surface,  principally  those  of  the 
newest  roots  and  their  fibrils  (133).  The  fluid  absorbed  by  the 
roots,  mingled  in  the  cells  with  some  previously  assimilated  matter 
they  contain  in  solution  (26,  79),  is  diffused  by  exosmosis  and  endos- 
mosis  from  cell  to  cell,  rising  principally  in  the  wood  (224,  230)  ; 
and  is  attracted  into  the  leaves  (or  to  other  parts  of  the  surface  of 
the  plant  exposed  to  the  air  and  light)  by  tlie  exhalation  which 
takes  place  from  them  (314),  and  the  consequent  inspissation  of  the 
sap.  Here,  exposed  to  the  light  of  the  sun,  the  crude  sap  is  assimi- 
lated, or  converted  into  organizable  matter  (79)  ;  and,  thus  prepared 
to  form  vegetable  tissue  or  any  organic  product,  the  elaborated  fluid 
is  attracted  into  gix>wing  parts  by  endosmosis,  in  consequence  of  its. 
consumption  and  condensation  there,  or  is  diflused  through  the  newer 
tissues.  There  is  no  movement  in  plants  of  the  nature  of  the  cir- 
culation in  animals.  Even  in  the  so-called  vessels  of  the  latex 
there  is  merely  a  mechanical  flow  from  the  turgid  tubes  towards  the 
place  where  the  liquid  is  escaping  when  wounded,  or  from  a  part 
placed  under  increased  pressure  (63).  The  only  circulation,  or 
directly  vital  movement  of  fluid,  in  vegetable  tissue,  is  the  cyclosis, 
or  the  system  of  currents  in  the  layer  of  protoplasm  in  young  and 
active  cells  (36)  :  this  movement  is  confined  to  the  individual  cell, 
and  can  have  no  influence  in  the  transference  of  the  sap  from  cell 
to  cell.  Respiration  is  likewise  a  function  of  animals  alone.  What 
is  generally  so  called  in  vegetables  is  connected  with  assimilation, 
and  is  of  entirely  different  physiological  significance,  as  will  pres- 
ently be  shown.  None  of  the  secretions  of  plants  appear,  like 
many  of  those  of  animals,  to  play  any  part,  at  least  any  essential 
part,  in  nutrition.  Many,  if  not  all  of  them,  are  purely  chemical 
transformations  of  the  general  assimilated  products  of  plants,  —  are 
excretions  rather  than  secretions  (88  -  90). 

320.  The  appropriation  of  assimilated  matter  in  vegetable  growth, 
and  the  production  and  multiplication  of  cells,  which  make  up  the 
fabric  of  the  plant,  have  already  been  treated  of  (25  —  34).  We 
have  now  mainly  to  consider  what  the  food  of  plants  is,  whence  it  ia 
derived,  and  how  it  is  elaborated. 
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Sect.  n.    The  Food  and  the  Elementary  Composition 

OF  Plants. 

821.  The  Food  and  the  elementary  composition  of  plants  stand 
in  a  necessary  relation  to  each  other.  Since  it  is  not  to  be  sup- 
posed thfit  plants  possess  the  power  of  creating  any  simple  element, 
whatever  they  consist  of  must  have  been  derived  from  without. 
Tlieir  composition  indicates  their /ooc^  and  vice  versa.  If  we  have 
learned  the  chemical  composition  of  a  vegetable,  and  also  what  it 
gives  back  to  the  soil  and  the  air,  we  know  consequently  what  it 
must  have  derived  from  without,  that  is,  its  food.  Or,  if  we  have 
ascertained  what  the  plant  takes  from  the  soil  and  air,  and  what  it 
returns  to  them,  we  have  learned  its  chemical  composition,  namely, 
the  difference  between  these  two.  And  when  we  compare  the  na- 
ture and  condition  of  the  materials  which  the  plant  takes  from  the 
soil  and  the  air  with  what  it  gives  back  to  them,  we  raaf  form  a 
correct  notion  of  the  influence  of  vegetation  upon  the  mineral  king- 
dom. By  considering  the  materials  of  which  plants  are  composed, 
we  may  learn  what  their  food  must  necessarily  contain. 

322.  The  ConstttoenU  of  Plants  are  of  two  kinds ;  the  earthy  or  in- 
organic, and  the  organic.  It  has  been  stated  (93)  that  various 
earthy  matters,  dissolved  by  the  water  which  the  roots  absorb,  are 
drawn  into  the  plant,  and  at  length  deposited  in  the  wood,  leaves, 
&c.  These  form  the  ashes  which  are  left  on  burning  a  leaf  or  a 
piece  of  wood.  Although  these  mineral  matters  are  oflen  turned 
to  account  by  the  plant,  and  some  of  them  are  necessary  in  the 
fbimation  of  certain  products,  (as  the  silex  which  gives  needful 
firmness  to  the  stalk  of  Wheat,  and  the  phosphates  which  are  found 
in  the  grain,)  yet  none  of  them  are  essential  to  simple  vegetation, 
which  may,  to  a  certain  extent,  proceed  without  them.  These 
materials,  the  presence  of  which  is  in  some  sort  accidental,  although 
£br  certain  purposes  essential,  are  distinguished  as  the  earthy^  or 
mineral,  or  inorganic  oonstiiuents  of  plants.  This  class  may 
be  left  entirely  out  of  view  for  the  present.  But  the  analysis  of 
any  newly  formed  vegetable  tissue,  or  of  any  part  of  the  plant, 
-sochr  as  a  piece  of  wood,  after  the  incrusting  xtdneral  matter .  has 
beea  chemically  removed,  invariably  yields  bat  tbise  or.  four  elcr 
-Buents.  These,  which  are  indispensable  to  vegetation,  and  make 
up  at  least  from  eighty-eight  to  ninety^nihe  per  cent  of  every  veg^ 


180  THE   FOOD  AND  NCTRITIOX  OV  PLANTS. 

table  substance,  are  termed  the  universal,  organic  constittients  of 
plants.  They  are  Carbon,  Hydrogen,  Oxygen,  and  Niti'ogen  (10, 
27).  The  proper  vegetable  structure,  that  is,  the  tissue  itself, 
consists  of  only  three  of  these  elements,  namely,  carbon,  hydrogen, 
and  oxygen ;  while  the  fourth,  nitrogen,  is  an  eat$entiHl  constituent 
of  the  protoplasm,  which  plays  so  important  a  part  in  the  formation 
of  the  cells  and  is  an  element  of  one  class  of  vegetable  products. 

323.  The  Organic  Constitaents.  These  four  elements  must  be  fur- 
nished by  the  food  upon  which  the  vegetable  lives ;  —  they  must 
be  drawn  from  the  soil  and  the  air ;  in  some  cases,  doubtless,  from 
the  latter  source,  as  in  Epiphytes,  or  Air-plants  (149),  but  gener- 
ally and  principally  by  absorption  through  the  roots.  The  plant's 
nourishment  is  wholly  received  either  in  the  gaseous  or  the  liquid 
form ;  for  the  leaves  can  imbibe  air  or  vapor  only,  and  the  roots  are 
incapable  of  taking  in  particles  of  solid  matter,  however  minutely  di- 
vided (40,  133). 

324.  In  whatever  mode  imbibed,  evidently  the  main  vehicle  of 
the  plant's  nourishment  is  water,  which  as  a  liquid  or  as  vapor  is 
continually  in  contact  with  its  roots,  and  in  the  state  of  vapor  always 
surrounds  its  leaves.  We  have  seen  how  copiously  wat«r  is  taken 
up  by  the  growing  plant,  and  have  formed  some  general  idea  of  its 
amount  by  the  quantity  that  is  exhaled  unconsumed  by  the  leaves 
(313).  But  pure  water,  although  indispensable,  is  insufficient  for 
the  nourishment  of  plants.  It  consists  of  oxygen  and  hydrogen ; 
and  therefore  may  furnish,  and  doubtless  does  principally  furnish, 
these  two  essential  elements  of  the  vegetable  structure.  But  it  can- 
not supply  what  it  does  not  itself  contain,  namely,  the  carbon  and 
nitrogen  which  the  plant  also  requires. 

325.  Yet  the  question  arises,  whether  the  water  which  the  plant 
actually  imbibes  contains  in  fact  a  quantity  of  these  remaining 
elements.  Though  pure  water  cannot,  may  not  rain-water  supply 
the  needful  carbon  and  nitrogen?  It  is  evident. that,  if  the  water 
which  in  such  large  quantities  rises  through  the  plant,  and  is  ex- 
haled from  its  leaves,  contain  even  a  very  minute  quantity  of  these 
ingredients,  in  such  a  form  that  they  may  be  detained  when  the 
superfluous  water  is  exhale^l,  this  might  fiimish  the  whole  orgude 
food  of  the  vegetable ;  since  the  plant  may  condense  and  accumu* 
^te  thecarbon  and  nitrogen,  just  as  the  extremely  minute  quantity 
of  earthy  matter  which*  the  water  contains  is,  ia  time  kugely  aceu?* 
mulated  in  the  leav^  and  wood. 
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326.  As  respects  the  nitrogen,  nearly  seventy-^iine  per  cent  of 
the  atmosphere  consists  of  this  gas  in  an  uncombined  or  free  state, 
that  is,  merely  mingled  with  oxygen.  And,  being  soluble  to  some 
extent  in  water,  every  rain-drop  that  falU  through  the  air  absorbs 
and  brings  to  the  ground  a  minute  quantity  of  it,  which  is  therefore 
necessarily  introduced  into  the  plant  with  the  water  which  the  roots 
imbibe.  This  accounts  for  the  free  nitrogen  which  is  always  pres- 
ent in  plants. 

327.  The  plant  also  receives  nitrogen  in  the  form  of  ammonia 
(or  hartshorn),  a  compound  of  hydrogen  and  nitrogen,  which  is 
always  produced  when  any  animal  and  almost  any  vegetable  sub- 
stance decays,  and  which,  being  very  volatile,  continually  rises  into 
the  air  from  these  and  other  sources.  Besides,  it  appears  to  be 
formed  in  the  atmosphere,  through  electrical  action  in  thunder-storms 
(in  the  form  of  nitrate  of  ammonia).  The  extreme  solubility  of  am- 
monia and  all  its  compounds  prevents  its  accumulation  in  the  atmos- 
phere, from  which  it  is  greedily  absorbed  by  aqueous  vapor,  and 
brought  down  to  the  ground  by  rain.  That  the  roots  actually  ab- 
sorb it  may  be  inferred  from  the  familiar  facts,  that  plants  grow 
most  luxuriantly  when  the  soil  is  supplied  with  substances  which 
yield  much  amm<mia,  such  as'  animal  manures ;  and  that  ammonia 
may  be  detected  in  the  juices  of  almost  all  plants.  That  the  am- 
monia in  the  air,  and  the  nitre  almost  everywhere  formed  in  a  fertile 
soil,  and  not  the  fr^  nitrogen  of  the  atmosphere,  take  the  principal 
part  in  the  formation  of  the  protoplasm  and  other  quaternary  ele- 
ments of  plants,  is  demonstrated  by  Boussingault^3  experiments, 
showing  that  a  seedling  from  which  all  nitrogen  is  excluded  except 
the  free  nitrogen  of  the  air,  as  it  vegetates  does  not  increase  the 
amount  of  azotized  matter  it  originally  had  in  the  seed,  but  dimin- 
ishes it*  Rain-water,  therefore,  contains  the  third  element  of 
vegetation,  namely,  nitrogen,  both  in  a  separate  form  and  in  that  of 
ammonia,  &c 

828.  The  source  of  the  remaining  constituent,  carbon,  is  still  to 
be  sought.  Of  this  element  plants  must  require  a  copious  supply, 
since  it  forms  much  the  largest  portion  of  their  bulk.  If  the  carbon 
of  a  leaf  or  of  a  piece  of  wood  be  obtained  separate  fh$m  the  other 
organic  elements, — which  may  be  done  by  charnng,  that  is,  by 
hedtmg  it  oat  of  coxitadt  with  the  ahr,  to  as  to  dsite  off  the  oxygen, 

*  Compies  Bendus,  Norember  .28,  1853,  and  Attn,  Sci.^NqturdleSy  ser.  4,  YoL 
1  &  2  (1854)  ;  also  Vol.  7  (1857),  showing  the  part  which  Ditre  pUys* 
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hydrogen,  and  carbon,  —  although  a  small  part  of  the  carbon  is 
necessarily  lost  in  the  operation,  yet  what  remains  perfectly  pre- 
serves  the  shape  of  the  original  body,  even  to  that  of  its  most 
delicate  cells  and  vessels.  With  the  exception  of  the  ashes,  this 
consists  of  carbon,  or  charcoal,  amounting  to  from  forty  to  sixty 
per  cent,  by  weight,  of  the  original  material.  Carbon  is  itself  a 
solid,  absolutely  insoluble  in  water,  and  therefore  incapable  of  as- 
sumption by  the  plant  The  chief,  if  not  the  only,  fluid  compound 
of  carbon  which  is  naturally  presented  to  the  plant,  is  that  of  car- 
bonic acid  gas,  which  consists  of  carbon  united  with  oxygen.  This 
gas  makes  up  on  the  average  one  2500th  of  the  bulk  of  the  at- 
mosphere ;  from  which  it  may  be  directly  absorbed  by  the  leaves. 
But,  being  freely  soluble  in  water  up  to  a  certain  point,  it  must  also 
be  carried  down  by  the  rain  and  imbibed  by  the  roots.  The  car- 
bonic acid  of  the  atmosphere  is  therefore  the  great  source  of  carbon 
for  vegetation. 

329.  It  appears,  then,  that  the  atmosphere  —  considering  water 
in  the  state  of  vapor  to  form  a  component  part  of  it — contains  all 
the  essential  materials  for  the  growth  of  vegetables,  and  in  the  form 
best  adapted  to  their  use,  namely,  in  the  fluid  state.  It  furnishes 
water,  which  is  not  only  food  itself,  inasmuch  as  it  supplies  oxygen 
and  hydrogen,  but  is  likewise  the  vehicle  of  the  others,  conveying 
to  the  roots  what  it  has  gathered  from  the  air,  namely,  the  requisite 
supply  of  nitrogen,  either  as  such  or  in  the  form  of  ammonia,  and 
of  carbon  in  the  form  of  carbonic  acid. 

330.  These  essential  elements,  the  whole  proper  food  of  plants, 
may  he  absorbed  by  the  leaves  directly  from  the  air,  in  the  state  of 
gas  or  vapor.  Doubtless  most  plants  actually  take  in  no  small  part 
of  their  food  in  this  way.  Drooping  foliage  may  be  revived  by 
sprinkling  with  water,  or  by  exposure  to  a  moist  atmosphere.  A 
vigorous  branch  of  the  common  Live-for-ever  (Sedtim  Telephium), 
or  of  many  similar  plants,  it  is  well  known,  will  live  and  grow  for  a 
whole  season  when  pinned  to  a  dry  and  bare  wall ;  and  the  Epi- 
phytes, or  Air-plants  (149),  as  they  are  aptly  called,  must  derive' 
their  whole  sustenance  immediately  from  the  air ;  for  they  have  no 
connection  with  the  ground.  That  leaves  absorb  carbonic  acid 
directly  from  the  air  is  readily  shown  (348). 

331.  £ut,  as.a  general  statement,  it  may  be  said  that  plants,  al-; 
though  they  derive  their  food  from  the  air,  receive  it  mainly  through 
their  roots.     The  ctqueous  vapor^  condensed  into  rain  or  dew,  and 
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bringing  with  it  to  the  ground  a  portion  of  carbonic  aeid^  and  of 
nitrogen  or  ammonia^  &c.,  supplies  the  appropriate  food  of  the  plant 
to  the  rootlets  (scmietinies  in  a  liquid,  but  ako  much  of  it  in  a  gaseous 
form).  Imbibed  by  these,  it  is  conveyed  through  the  stem  and  into 
the  leaves,  where  the  superfluous  water  is  restored  to  the  atmosphere 
by  exhalation,*  while  the  residue  is  converted  into  the  proper  nour- 
ishment and  substance  of  the  vegetable. 

832.  The  atmosphere  is  therefore  the  great  storehouse  from 
which  vegetables  derive  their  nourishment ;  and  it  might  be  clearly 
shown  that  all  the  constituents  of  plants,  excepting  the  small  earthy 
portion  that  many  can  do  without,  have  at  some  period  formed  a 
part  of  the  atmosphere.  The  vegetable  kingdom  represents  an 
amount  of  matter,  which  plants  have  withdrawn  ih>m  the  air,  organ- 
ized,  and  confined  for  a  time  to  the  surface. 

333.  Does  it  therefore  follow,  that  the  soil  merely  serves  as  a 
foothold  to  plants,  and  that  all  vegetables  obtain  their  whole  nour- 
ishment directly  from  the  atmosphere  ?  This  must  have  been  the 
case  with  the  first  plants  that  grew,  when  no  vegetable  or  animal 
matter  existed  in  the  soil ;  and  no  less  so  with  the  first  vegetation 
that  covers  small  volcanic  islands  raised  in  our  own  times  from  the 
sea,  or  the  surface  of  lava  thrown  from  ordinary  volcanoes.  No 
vegetable  matter  is  brought  to  these  perfectly  sterile  mineral  soils, 
except  the  minute  portion  contained  in  the  seeds  wafled  thither  by 
¥rinds  or  waves.  And  yet  in  time  a  vast  quantity  is  produced,  which 
is  represented  not  only  by  the  existing  vegetation,  but  by  the  mould 
that  the  decay  of  previous  generations  has  imparted  to  the  soil.  We 
arrive  at  the  same  result  by  the  simple  experiment  of  causing  a 

*  The  water  exhaled  may  be  again  absorbed  by  the  roots,  laden  with  a  new 
supply  of  the  other  elements  from  the  air,  again  exhaled,  and  so  on ;  as  is 
beautifally  illustrated  by  the  cultivation  of  plants  in  closed  Ward  cases,  where 
plants  are  seen  to  flourish  for  a  long  time  wirh  a  very  limited  supply  of  water, 
every  particle  of  which  (except  the  small  poition  actually  consumed  by  the 
plants)  must  pass  repeatedly  through  this  circulation.  This  vegetable  micro- 
cosm well  exhibits  the  actual  relations  of  water,  &c.  to  vegetation  on  a  lai^ 
scale  in  natore.;  where  tho  wiiter  is  alternately  and  repeatedly  raised  by  evapo- 
ration and  xecondensed  to  such  extent  that  what  actually  falls  in  rain  is  esti- 
mated to  be  re^vaporated  and  rained  down  (on  an  average  throughout  the 
world)  ten  or  fifteen  timed  in  the  course  of  a  year.  In  this  way  the  atmosphere 
is  repeatedly  washed  by  the  rain ;  and  those  vapors  washed  out  which  else  by , 
their  flccnmukitiOR  would  prove  injurious^  to  men  and  animals,  and  conveyed  to 
the  roots  of  plants,  which  they  ave  especially  adapted^  to  nourish. 
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seed  of  known  weight  to  germinate  on  powdered  flints,  or  on  a  soil 
which  has  been  heated  to  redness,  and  watering  it  with  rain-water 
alone.  When  the  young  plant  has  attained  all  the  development  it  is 
capable  of  under  these  circumstances,  it  will  be  found  to  weigh  (after 
due  allowance  for  the  silex  it  may  have  taken  up)  perhaps  fifty  or 
one  hundred  times  as  much  as  the  original  seed..  There  can  be  no 
question  as  to  the  source  of  this  vegetable  matter  in  all  these  cases. 
The  requisite  materiaU  exist  in  the  air.  Plants  possess  the  peculiar 
factdty  of  drawing  them  from  the  air.  The  air  must  have  furnished 
the  whole.  This  conclusion  is  amply  confirmed  by  a  great  variety  of 
familiar  facts ;  such  as  the  continued  accumulation  of  vegetable  mat- 
ter in  peat-b<^3,  and  of  mould  in  neglected  fields,  in  old  forests,  and 
generally  wherever  vegetation  is  undisturbed.  Since  this  rich 
mould,  instead  of  diminishing,  regularly  increases  with  the  age  of 
the  forest  and  the  luxuriance  of  vegetation,  the  trees  must  have 
drawn  from  the  air,  not  only  the  vast  amount  of  carbon,  &c.  that  is 
stored  up  in  ikeir  trunks,  but  an  additional  quantity  which  is  im- 
parted  to  the  soil  in  the  annual  fall  of  leaves,  &c 

334.  Still  it  by  no  means  follows  that  each  plant  draws  all  its 
nourishment  directly  from  the  air.  This  unquestionably  happens 
in  some  of  the  special  cases  just  mentioned ;  with  Air-plants,  and 
with  those  that  first  vegetate  on  volcanic  earth,  bare  rocks,  naked 
walls,  or  pure  sand.  But  it  is  particularly  to'  be  remarked,  that 
only  certain  tribes  of  plants  will  continue  to  live  under  such  cir- 
cumstances, and  that  none  of  the  vegetables  most  useftil  as  food 
for  man  or  the  higher  animals  will  thus  thrive  and  come  to  matu- 
rity. In  nature,  the  races  of  plants  that  will  grow,  at  the  entire 
expense  of  the  air,  such  as  Lichens,  Mosses,  Ferns,  and  certain 
tribes  of  succulent  Flowering  plants,  gradually  form  a  soil  of  vege- 
table mould  during  their  life,  which  they  increase  in  their  decay ; 
and  the  successive  generations  live  more  vigorously  upon  the  in- 
heritance, being  supported  partly  upon  what  they  draw  from  the 
air,  and  partly  upon  the  ancestral  accumulation  of  vegetable  mould. 
Thus,  each  genemtion  may  enrich  the  soil,  even  when  oonsbting  of 
plants  ^at  draw  largely  upon  vegetable  matter  thus  accumulated ; 
for  these  annually  restore  a  portion  by  their  dead  leaves,  &c,  and 
when  they  die  they  may  bequeath  to  the  soil,  not  only  all  that  they 
took  from  it,  but  all  that  they  drew  &om  the  air.  It  is  in  this  way 
that  the  lower  tribes  and  so-called  useless  plants  create  a  soU,  which 
will  in  time  support  the  higher  plants,  of  immediate  importance  to 
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man  and  the  higher  animals,  but  which  conld  never  grow  and  per- 
fect their  fruity  if  left,  like  their  humble  but  indispensable  predeces-* 
sors,  to  derive  an  unaided  subsistence  directlj  from  the  inorganic 
world.  While  it  is  strictly  true,  therefore,  that  all  the  organic  ele- 
ments have  been  originally  derived  firom  the  air,  it  is  not  true  that 
what  is  contained  in  almost  any  given  plant,  or  in  any  one  crop,  is 
immediately  drawn  from  this  source.  A  part  of  it  is  thus  supplied, 
but  in  proportions  varying  greatly  in  different  species  and  under 
different  circumstances.  Undisturbed  vegetation  consequently  tends 
always  to  enrich  the  soiL  But  in  agriculture  the  crop  is  ordinarily 
removed  from  the  land,  and  with  it  not  only  what  it  has  taken  from 
the  earth,  but  abo  what  it  has  drawn  from  the  air ;  and  the  soil  is 
accordingly  impoverished.  Hence  the  farmer  finds  it  necessary 
to  follow  the  example  of  nature,  and  to  restore  to  the  land,  in  the 
form  of  manure,  an  amount  substantially  equivalent  to  what  he 
takes  away. 

335.  The  mode  in  which  vegetable  mould  is  turned  to  account 
by  growing  plants  has  not  yet  been  sufficiently  investigated.  Ac- 
cording to  Liebig,  the  decaying  vegetable  matter  is  not  employed 
until  it  has  been  resolved  into  its  original  inorganic  elements, 
namely,  into  water,  carbonic  acid,  ammonia,  &c. ;  which  are  imbibed 
by  the  roots  both  directly  in  the  gaseous  state,  and  when  taken  up  by 
the  water  as  it  percolates  through  the  soil.*  Others  suppose  that  a 
portion  of  the  food  which  plants  derive  from  decaying  vegetable 
matter  may  consist  of  soluble,  still  organic  compounds.  The  econ- 
omy of  the  greenless  parasitic  plants  (152)  is  adduced  in  confirma- 
tion of  this  view :  but  these  are  nourished  by  the  foster  plant  just  as 
its  own  flowers  are  nourished.  Decisive  evidence  to  the  point  is 
furnished  by  Fungi,  the  greater  part  of  which  live  upon  decaying 
organic  matter,  and  have  not  the  power  of  fomnng  organizable  pro- 


*  While  it  may  be  rightly  said,  that  the  ^ roportion  of  carbonic  acid  in  the 
atmosphere  is  too  minute  directly  to  supply  ordinary  vegetation,  especially 
that  of  esculent  plants,  with  snfficient  carbon,  this  cannot  be  said  of  the  air 
contained  in  the  pores  and  creyices  of  the  soil,  at  least  in  any  fertile  soil.  This 
air  in  the  soil  contains  a  far  larger  proportion  of  carbonic  acid  than  the  atmos* 
phere  above ;  the  excess  being  derived  partly  by  direct  absorption  or  by  the 
action  of  rain,  and  in  an  enriched  soil  more  largely  from  the  decay  of  the  mate- 
rials of  former  generations  of  plants.  In  a  recently  mannrcd  soil,  the  carbonic 
acid  ordinarily  amounts  even  to  10  or  20  per  cent  See  Boussinganlt  and  Lcwy, 
in  Atuu  ScL  Nat,  ser.  S,  Vol.  19,  p.  13. 
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ducts  from  inorganic  materials ;  and  there  is  reason  to  think,  that 
some  Phaenogamous  plants  (of  which  our  Monotropa,  or  Indian  Pipe 
id  one)  are  nourished  in  this  way. 

336.  The  Eaitbf  Constitoents.  The  mineral  substances  which  form 
the  inorganic  constituents  of  plants  (322)  are  furnished  by  the  soil, 
and  are  primarily  derived  from  the  slow  disintegration  and  decom- 
position of  the  rocks  and  earths  that  compose  it.*  These  are  dis- 
solved, for  the  most  part  in  very  minute  proportions,  in  the  water 
which  percolates  the  soil,  (aided,  as  to  the  more  in^^oluble  earthy 
salts,  by  the  carbonic  acid  which  this  water  contains,)  and  with  this 
water  are  taken  up  by  the  roots.  However  minute  their  proportion 
in  the  water  which  the  roots  imbibe,  the  plant  concentrates  and 
accumulates  them,  by  the  exhalation  of  the  water  from  the  leaves, 
until  they  amount  to  an  appreciable  quantity,  oflen  to  a  pretty  large 
percentage,  of  the  solid  matter  of  the  vegetable.  As  might  be  ex- 
pected (312),  the  leaves  contain  a  much  larger  amount  of  ashes,  or 
earthy  matter,  than  the  wood,  and  herbaceous  plants  more  than  trees, 
in  proportion  to  their  weight  when  dry.f 

337.  The  ashes  leil  afler  combustion  are  mostly  composed  of 
the  ^  alkaline  chlorides,  with  the  bases  of  potash  and  soda,  earthy 
and  metallic  phosphates,  caustic  or  carbonate  of  lime  and  magnesia, 
sihca,  and  oxides  of  iron  and  of  manganese.  Several  other  sub- 
stances are  also  met  with  there,  but  in  quantities  so  small  that  they 
may  be  neglected."  Different  species  growing  in  the  same  soil 
appear  to  take  in  some  portion  of  all  such  materials  as  are  natu- 


*  According  to  Liebig,  the  quantity  of  potash  contained  in  a  layer  of  soil 
formed  by  the  disintegration  of  40,000  square  feet  of  the  following  rocks,  &c., 
to  the  depth  of  twenty  inches,  is  as  follows.  This  quantity  of  Felspar  (a  largo 
component  of  granite,  &c.)  contains  .  .  .  1,1.52,000  lbs. 

Clinkstone,  .  .  .  .  .       from  200,000  to  400,000   ** 

Basalt, "      47,500  "    75,000   «« 

Clay-slate, "     100,000  "  200,000   " 

Loam,  "       87,000  '*  300,000   " 

The  silex  yielded  to  the  soil  by  the  gradual  decomposition  of  granite  and 
other  rocks  is  in  the  form  of  a  silicate  of  potash  or  other  alkali,  which,  though 
insoluble  in  pure  water,  is  slowly  acted  upon  and  dissolved  by  the  united  action 
of  water  and  carbonic  acid,  or  more  largely  by  water  impregnated  with  carbon- 
ate of  potash,  which  is  abundantly  liberated  during  the  natural  decomposition 
of  these  rocks. 

t  The  subjoined  results,  selected  from  Boussingaalt,  exhibit  in  a  tabular  form 
the  relative  quantities  of  organic  and  inorganic  constituents  in  several  kinds  of 


THEIR   BARTlir   CONSTITUENTS. 


187 


rally  presented  to  them  in  solution,  but  not,  however,  in  the  same 
proportions,  nor  in  proportion  to  the  relative  solubility  of  these 
several  substances ',  while,  on  the  other  hand,  the  sam^  species  in 
different  localities,  and  also  each  of  its  particular  parts  or  organs, 
contains,  or  tends  to  contain,  the  tome  mineral  constituents  in  nearly 
the  same  proportion.  One  base,  however,  is  often  substituted  for 
another,  equivalent  for  equivalent,  as  magnesia  for  lime,  soda  for 
potash.  The  roots,  therefore,  appear  to  have  a  certain  power  of 
selection  in  respect  to  these  mineral  materials.  Nor  is  it  a  valid 
objection  to  this  view,  that  they  absorb  poisons  which  destroy  them. 
These  are  either  organic  products,  such  as  opium ;  or  else  are  cor- 
rosive substances,  such  as  sulphate  of  copper,  which  disorganize  the 
rootlets.  For  mutilated  roots  or  stems  absorb  all  dissolved  materials 
of  the  proper  density  that  are  presented  to  them,  not  only  in  much 
larger  quantity  (so  long  as  the  cut  is  fresh)  than  do  uninjured  root^ 
lets,  but  almost  indifferently,  and  in  the  same  proportion  that  they 
absorb  the  water  they  are  dissolved  in. 

338.  In  the  ashes,  only  the  salts  which  resist  the  action  of  heat, 
such  as  the  phosphates,  sulphates,  and  hydrochlorates,  are  in  the 
state  in  which  they  existed  in  the  plant  itself.  A  great  part  of  the 
bases  were  combined  with  organic  acids,  formed  in  the  plant,  and 
most  largely  with  the  oxalic  (86)  :  these  compounds  are  by  incinera- 
tion, or  by  exposure  to  the  air,  principally  converted  into  carbonates. 

339.  It  being  indispensable  to  its  well-being  that  a  plant  should 
find  in  the  soil  such  mineral  matters  as  are  necessary  to  its  growth, 
we  perceive  why  various  species  will  only  flourish  in  particular  soils 
or  situations ;  why  plants  which  take  up  common  salt,  &c.  are  re- 
stricted to  the  sea-shore  and  to  the  vicinity  of  salt-springs ;  why 


herbage,  compared,  in  several  cases,  with  the  root  or  grain.    The  water  was 
previously  driven  off  by  tliorough  drying. 


Carbon, 

Hydrogen, 

Oxygen, 

Nitrogen, 

Ashes, 


ID 


<s 


44.80 
5.10 

30.50 
2.30 

17.30 


o 


43.72 
6.00 

44.88 
1.50 
3  90 


I 


45.80 
5.00 

35.57 
2.31 

11.32 


I OO.(K)  100.00  mono  looon  10000 


46.06 
6.09 

40.53 
4.18 
3.14 


I 


47.53 
4.69 

37.96 
2.06 
7.76 


I 

s 


1 


484dL  46.10 


100.00  100.00 


5.41 

38.79 

0  35 

6.97 


5.80 

43  40 

227 

2.43 


100.00  100.00 


188 


THE   FOOD   AND   NUTRITION   OV  PLANTS. 


numerous  weeds  which  grow  chiefly  around  dwellings',  and  follow  the 
footsteps  of  man  and  the  domestic  animals,  flourish  only  in  a^oil 
abounding  in  nitrates  (their  ashes  containing  a  notable  quantity 
either  of  nitrate  of  potash  or  of  lime)  ;  why  the  Vine  requires  alka- 
line manures,  to  replace  the  large  amount  of  tartrate*  of  potash  which 
the  grapes  contain ;  and  why  Pines  and  Firs,  the  ashes  of  which 
contain  very  little  alkali,  will  thrive  in  thin  or  sterile  soils,  while  the 
Beech,  Maple,  Elm,  <&c.,  abounding  with  potash,  are  only  found  in 
strong  and  fertile  land. 

340.  Where  vegetation  is  undisturbed  by  man,  all  these  needful 
earthy  materials,  which  are  drawn  from  the  soil  during  the  growth 
of  the  herbage  or  forest,  are  in  time  restored  to  it  by  its  decay, 
in  an  equally  soluble  form,  along  with  organic  matter  which  the 
vegetation  has  formed  from  the  air.  But  in  cultivation,  the  prod- 
uce is  carried  away,  and  with  it  the  materials  which  have  been 
slowly  yielded  by  the  soil.  "  A  medium  crop  of  Wheat  takes  from 
one  acre  of  ground  about  12  pounds,  a  crop  of  Beans  about  20 
pounds,  and  a  crop  of  Beets  about  11  pounds,  of  phosphoric  acid, 
besides  a  very  lai^e  quantity  of  potash  and  soda.  It  is  obvious  that 
such  a  process  •  tends  continually  to  exhaust  arable  land  of  the 
mineral  substances  useful  to  vegetation  which  it  contains,  and  that  a 
time  must  come,  when,  without  supplies  of  such  mineral  matters,  the 

land  would  become  unproductive  from  their  abstraction. In 

the  neighborhood  of  large  and  populous  towns,  for  instance,  where 
the  interest  of  the  farmer  and  market-gardener  is  to  send  the  largest 
possible  quantity  of  produce  to  market,  ccmsuming  the  least  possible 
quantity  on  the  spot,  the  want  of  saline  principles  in  the  soil  would 
veiy  soon  be  felt,  were  it  not  that  for  every  wagon-load  of  greens 
and  carrots,  fruit  and  potatoes,  com  and  straw,  that  finds  its  way 
into  the  city,  a  wagon-load  of  dung,  containing  each  and  every  one 
of  these  principles  locked  up  in  the  several  crops,  is  returned  to  the 
land,  and  proves  enough,  and  often  more  than  enough,  to  replace  all 
that  has  been  carried  away  from  it."  *  The  loss  must  either  be 
made  up  by  such  equivalent  return,  or  the  land  must  lie  fallow  from 


*  Boussingault,  Economie  Rurale :  from  the  Engl.  'Prans.,  p.  493.  Further : 
"It  may  be  inferred  that,  in  the  most  frequent  case,  namely,  that  of  arable 
lands  not  sufficiently  rich  to  do  without  manure,  there  can  be  no  continuous 
[independent]  cultivation  without  annexation  of  meadow ;  in  other  words,  one 
part  of  the  farm  must  yield  crops  without  consuming  manure,  so  that  this  may 
replace  the  alkaline  and  earthy  salts  which  arc  constantly  withdrawn  by  suo 
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time  to  time  until  these  soluble  substances  are  restored  by  further 
disintegration  of  the  materials  of  the  soil :  or  meanwhile  the  moiX5 
exliausting  crops  may  be  alternated  with  those  that  take  least  from 
the  soil  and  most  from  the  air ;  or  with  one  which,  like  clover, 
although  it  takes  up  77  pounds  of  alkali  per  acre,  may  be  consumed 
on  the  field,  so  as  to  restore  most  of  this  alkali  in  the  manure  for  the 
succeeding  crop* 

341.  It  has  been  asserted  that  the  advantage  of  preceding  a 
wheat  crop  by  one  of  Leguminous  plants  (such  as  Peas,  Clover, 
Lucerne,  &c.),  or  of  roots  or  tubers,  is  owing  to  the  fact,  that  these 
leave  the  phosphates,  &c  nearly  untouched  for  the  wheat  which  is 
to  follow,  and  which  largely  abstracts  them.  The  results  of  Bous- 
Bingault's  experiments  and  analyses  show^  that  these  products  are 
far  from  having  the  deficiency  of  phosphates  which  was  alleged. 
^  For  example,  beans  and  haricots  take  20  and  13.7  pounds  of 
phosphoric  acid  from  every  acre  of  land ;  potatoes  and  beet-root 
take  11  and  12.8  pounds  of  that  acid,  exactly  what  is  found  in  a 
crop  of  wheat.  Trefoil  is  equally  rich  in  phosphates  with  the 
sheaves  of  corn  that  have  gone  before   it."*      His  further  re- 


cessive harvests  from  another  pai*t.  Lands  enriched  by  rivers  alone  permit  of  a 
total  and  continued  export  of  their  produce  without  exhaustion.  Such  are  the 
fields  fertilized  by  the  inundations  of  the  Kile ;  and  it  is  difficult  to  form  an  idea 
of  the  prodigious  quantities  of  phosphoric  acid,  magnesia,  and  potash,  which, 
in  a  succession  of  ages,  have  passed  out  of  Egypt  with  her  incessant  exports  of 
com."  —  p.  603. 

*  Boussingault,  /.  c,  p.  497.  —  Subjoined  ia  a  table,  from  the  same  work,  of 
tJie  percentage  of  Mineral  Substaiices  taken  up  from  the  sod  by  various  plants  grown 
at  Bechtlbronn. 
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searches  seem  to  show  that  these  crops  exhaust  the  soil  less  than 
the  cereal  grains,  in  part  at  least,  on  account  of  tlie  large  quantity 
of  organic  matter,  rich  in  nitrogen,  which  thej  leave  to  be  incor- 
porated with  the  soil.  The  theory  of  rotation  in  crops,  founded  by 
De  Candolle  on  the  assumption  that  excretions  from  the  roots  of  a 
plant  accumulate  in  the  soil  until  in  time  they  become  injurious 
to  tliat  crop,  but  furnish  appropriate  food  for  a  different  species, 
is  entirely  abandoned  as  an  explanation ;  and  even  the  fact  that 
such  excretions  are  formed,  at  least  to  any  considerable  extent,  is 
not  made  out.  That  they  could  accumulate  and  remain  in  the  soil 
without  undergoing  decomposition  is  apparently  impossible. 


Sect.  III.  <  AssiaiiLATiOM,  oa  Vegetable  Digestion,  akd  its 

Results. 

342.  We  have  reached  the  conclusion,  that  the  universal  food  of 
plants  is  rain-water,  which  has  absorbed  some  carbonic  acid  gas 
and  nitrogen  (partly  in  the  form  of  ammonia  or  of  other  compounds) 
from  the  air,  or  dissolved  them  from  the  remains  of  former  vegeta- 
tion in  the  soil,  whence  it  lias  also  taken  up  a  variable  (yet  more  or 
less  essential)  quantity  of  earthy  matter. 

343.  This  fluid,  imbibed  by  the  roots,  and  carried  upwards 
through  the  stem,  receives  the  name  of  jop  or  crude  sap  (79). 
Upon  its  introduction  into  the  plant,  this  is  at  once  mingled  with 
some  elaborated  sap  or  soluble  organized  matter  it  meets  with; 
thus  becoming  sweet  in  the  Maple,  &c.,  and  acquiring  different 
sensible  properties  in  different  species.  This  latter  is  ah*eady  elab- 
orated food,  and  may  therefore  be  immediately  employed  in  vegeta- 
ble growth.  But  the  crude  sap  itself  is  merely  raw  material,  unor- 
ganized or  mineral  matter,  as  yet  incapable  of  forming  a  part  of  the 
living  structure.  Its  conversion  into  organized  matter  constitutes 
the  process  of 

344.  Assimilation t  or  what,  from  an  analogy  with  animal  life,  is 
usually  termed  Vegetable  Digettton,  To  undergo  tliis  important 
change,  the  crude  sap  is  attracted  into  the  leaves,  or  other  green 
parts  of  the  plant,  which  constitute  the  apparatus  of  assimilation, 
where  it  is  exposed  to  the  light  of  the  sun,  under  which  influence 
alone  can  this  change  be  effected.  Under  the  influence  of  solar 
light,  the  fabric  is  itself  constructed,  and  the  chlorophyll^  or  gi^^en 
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matter  of  plants,  upon  which,  or  in  connection  with  which,  the  light 
exerts  its  wonderful  action,  is  first  developed.  When  plants  are 
made  to  grow  in  insufficient  light,  as  when  potatoes  throw  out  shoots 
in  cellars,  this  green  matter  is  not  formed.  When  light  is  with- 
drawn, it  is  soon  decomposed ;  as  we  see  when  Celery  is  blanched 
by  heaping  the  soil  around  its  stems.  So,  also,  the  naturally  green- 
less  leaves  of  plants  parasitic  upon  the  roots  or  stems  of  other  species 
(152)  have  no  direct  power  of  assimilation,  but  feed  upon  and  grow 
at  the  expense  of  already  assimilated  matter.  But  all  green  parts, 
such  as  the  cellular  outer  bark  of  most  herbs,  act  upon  the  sap  in 
the  same  manner  as  leaves,  even  supplying  their  places  in  plants 
which  produce  few  or  no  leaves,  as  in  the  Cactus,  &c.  Under  the 
influence  of  light,  an  essential  preliminary  step  in  vegetable  digestion 
is  accomplished,  namely,  the  concentration  of  the  crude  sap  by  the 
evaporation  or  exhalation  of  the  now  superfluous  water,  the  mechan- 
ism and  consequences  of  which  have  already  been  considered  (313). 

345.  We  have  now  to  consider  the  further  agency  of  light  in  vege- 
table digestion  itself,  namely,  its  action  in  the  leaf  upon  the  concen- 
trated sap.  Here  it  accomplishes  two  unparalleled  results,  which  es- 
sentially characterize  vegetation,  and  upon  which  all  organized  exist- 
ence absolutely  depends  (1,  16).  These  are,  —  1st.  The  chemical 
decomposition  o/one  or  more  of  the  substances  in  the  sap  which 
contain  oxygen  gas,  and  the  liberation  of  this  oxygen  at  the  ordi- 
nary  temperature  of  the  air.  The  chemist  can  libei'ate  oxygen 
gas  from  its  compounds  only  by  powerful  reagents,  or  by  gi'eat 
heat.  2d.  The,  transformcttion  of  this  mineral,  inorganic  food 
into  organic  matter,  —  the  organized  substance  of  living  plants, 
and  consequently  of  animcds.  These  two  operations,  although 
separately  stated,  are  in  fact  but  different  aspects  of  one  great 
process.  We  contemplate  the  first,  when  we  consider  what  the 
plant  gives  back  to  the  air;  the  second,  when  we  inquire  what 
it  retains  as  the  materials  of  its  own  growth.  The  concentrated  sap 
is  decomposed ;  the  portion  not  required  in  the  growth  of  the  plant 
is  returned  to  the  air ;  and  the  remaining  elements  are  at  the  same 
time  rearranged,  so  as  to  form  peculiar  organic  products. 

346.  The  principal  material  given  back  to  the  air,  in  this  pro- 
cess, is  oxygen  gas,*  that  element  of  our  atmosphere  which  alone 

• 

♦  A  small  proportion  of  nitrogen  gas  is  likewise  almost  constantly  exhalod 
from  the  leaves ;  but  this  fli)]^ars  to  come  from  the  nitrogen  which  the  wutcr 
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renders  it  fit  for  the  breathing  and  life  of  animals.  That  the  fol-in^re 
of  plants  in  sunshine  is  continually  yielding  oxygen  gas  to  the  sur- 
rounding air  has  been  familiarly  known  since  the  days  of  Ingenhou:^.4 
and  Priestley,  and  may  at  any  moment  be  verified  by  simple  experi- 
ment. The  readiest  way  is,  to  expose  a  few  freshly  gathered  leaves 
to  the  sunshine  in  a  glass  vessel  filled  ii'ith  water,  and  to  collect  the 
air-bubbles  which  presently  arise  while  the  light  falls  upon  them, 
but  which  cease  to  appear  when  placed  in  shadow.  This  air,  when 
examined,  proves  to  be  free  oxygen  gas.  In  nature,  diffused  day- 
light produces  this  effect ;  but  in  our  experiments,  direct  sunshine  is 
generally  necessary  to  show  it.  .  What  is  the  source  of  this  oxygen 
gas,  which  is  given  up  to  the  air  just  in  proportion  to  the  vigor  of 
assimilation  in  the  leafy  plant,  or,  in  other  words,  to  the  consumption 
of  crude  sap  ? 

847.  This  will  be  manifest  on  comparing  the  materials  with  the 
general  products  of  vegetation,  —  what  the  plant  takes  as  its  food, 
with  what  it  makes  of  it,  in  growth.  Suppose  the  plant  is  assimi- 
lating its  food  immediately  into  its  fabric,  yiz,  into  CeUtdose,  or  the 
substance  of  wliich  its  tissue  consists  (27).  This  matter,  when  in  a 
pure  state,  and  free  from  incrusting  materials,  has  a  perfectly  uni- 
form composition  in  all  plants.  It  is  composed  of  carbon,  hydix>gen, 
and  oxygen,  the  latter  two  existing  in  the  same  proportions  as  in 
water.*  It  may  therefore  be  said  to  consist  of  carbon  and  the  ele- 
ments of  water.  These  materiala  are  necessarily  furnished  by  the 
plant's  food.  The  mineral  food  of  the  plant,  from  M'hich  its  fabric 
is  made  (329),  is  carbonic  acid  and  water.  If  thj^  be  decompose^] 
in  vegetation,  and  the  carbonic  acid  give  up  its  oxygen,  carbon  and 
the  elements  of  water  remain,  —  the  very  composition  of  ceUulose  or 
vegetable  tissue.  Doubtless,  then,  the  oxygen  which  is  rendered  to 
the  air  in  vegetation  comes  from  the  carbonic  acid  which  the  plant 
took  from  the  air  (328). 

348.  This  view  may  be  confirmed  by  direct  experiment.     We 

imbibed  by  the  roots  had  absorbed  from  the  air  (326),  and  which  passes  off  un- 
altered from  the  leaves  wh^n  this  water  is  evaporated,  or  from  nitrogen  in  the 
air  which  the  rootlets  directly  absorb.  In  the  course  of  vegetation,  no  more 
nitrogen  is  given  out  than  what  is  thus  taken  in,  and  probably  not  so  much. 
So  that  the  exhalation  of  nitrogen  may  be  left  out  of  the  general  view  of  the 
changes  which  are  brought  about  in  vegetation. 

*  Cellulose  is  chemically  composed  of  12  equivalente  of  Carbon,  10  of  Hy- 
drogen, and  10  of  Oxygen,  viz.  Cis,  Hio,  Oio. 
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have  seen  that  many  plants  must,  and  all  ma^y  imbibe  the  whole  or 
a  part  of  their  food  directly  from  the  air  into  their  leaves  (330). 
All  leafy  plants  evidently  obtain  a  part  of  their  carbonic  acid  in  this 
way.  It  is  accordingly  found,  that  when  a  current  of  carbonic  acid 
is  made  slowly  to  traverse  a  glass  globe  containing  a  leafy  plant  ex- 
posed to  full  sunshine,  some  carbonic  acid  disappears,  and  an  equal 
bulk  of  oxygen  gas  supplies  its  place.  Now,  since  carbonic  acid  gas 
contains  just  its  own  bulk  of  oxygen,  it  is  evident  that  what  has  thus 
been  decomposed  in  the  leaves  has  returned  all  its  oxygen  to  the 
air.  Plants  take  carbonic  acid  from  the  atmosphere,  therefore 
(directly  or  indirectly) ;  they  retain  its  carbon ;  they  give  back  its 
oxygen.* 

349.  But  cellulose,  being  the  final,  insoluble  product  of  vegetation 
appropriated  as  tissue,  can  hardly  be  directly  formed  in  the  first  in- 
stance. The  substances  from  which  it  must  originate,  and  which 
actually  abound  in  the  elaborated  sap,  are  Dextrine  or  Vegetable 
Mucilage  (79,  83),  Sugar  (80),  &c  The  first  of  these  is  probably 
directly  produced  in  assimilation.  Its  chemical  composition  is  the 
same  as  that  of  pure  cellulose :  it  consists,  not  only  -of  the  same 
three  elements,  but  of  the  same  elements  in  exactly  the  same  pro- 
portion. Dextrine,  vegetable  mucilage,  &c  are  the  primary,  as  yet 
unappropriated  materials  of  vegetable  tissue,  or  unsolidified  cellu- 
lose, and  their  production  from  the  crude  sap  is  attended  with  the 
evolution  of  the  oxygen  which  was  contained  in  the  carbonic  acid 
•of  the  plant's  food,  as  already  stated.  Nor  would  the  result  in  any 
respect  be  altered  if  Starch  were  directly  produced.  This  substance 
is  merely  dextrine,  which,  instead  of  being  immediately  appropriated 
in  growth,  is  condensed  into  solid  grains,  and  in  that  compact  and 

*  At  least,  the  result  is  as  if  the  oxygen  exhaled  were  all  thus  detached  from 
the  carbon  of  the  carbonic  acid.  Jast  this  amoant  is  liberated,  and  the  facts 
obviously  point  to  the  carbonic  acid  as  its  real  source.  But,  on  the  other  hand, 
it  appears  unlikely  that  a  substance  which  holds  oxygen  with  such  strong  affinity 
as  carbon  should  yield  the  whole  of  it  under  these  cihcumstances  :  and  water  is 
certainly  decomposed,  with  the  evolution  of  oxygen,  in  the  formation  of  a  class 
of  vegetable  products  soon  to  be  mentioned ;  besides,  Edwards  and  Colin  have 
shown  that  water  is  directly  decomposed  during  germination.  Still,  as  no  one 
supposes  that  the  residue  after  the  liberation  of  oxygen  is  carbon  and  water, 
but  only  the  three  elements  in  the  proportions  which  would  constitute  them,  it 
amounts  to  nearly  the  same  thing  whether  we  say  that  the  oxygen  of  the  carbonic 
acid,  or  an  amount  of  ojygen  equivalent  to  that  of  the  carbonic  acid,  derived  partljf 
from  it  and  pardjffrom  the  icater,  is  liberated  in  such  cases. 

17 
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temporarily  insoluble  form  accumulated  as  the  ready  prepared  ma- 
terials of  future  growth  (82).  NotwitLstanding  the  difference  in 
their  properties  and  chemical  reactions,  these  and  other  general 
ternary  products  (79)  are  strictly  isomeric  ;  that  is,  they  consist  of 
the  same  elements,  combined  in  the  same  proportions ;  and  physi- 
ologically they  are  merely  different -states  of  one  and  the  same  thing. 
Dextrine  is  the  most  soluble  state,  and  is  probably  that  originally 
formed  in  assimilation  in  the  foliage :  starch,  amyloid  (83),  &c  ai*e 
temporarily  solidified  states ;  and  cellulose  is  the  ultimate  and  usu- 
ally permanent  insoluble  condition.  Accordingly,  whenever  the  ma- 
terials of  growth  are  supplied  from  accumulations  of  nourishment, 
as  especially  from  the  seed  in  germination  (123  —  125),  from  fleshy 
roots  (145),  rootstocks,  tubers,  &c.  (188-194),  the  starch  or  its 
equivalent  is  dissolved  in  the  sap,  being  spontaneously  reconverted 
into  dextrine  and  sugar,  and  attracted  in  a  liquid  state  into  the 
growing  parts,  where,  transformed  into  cellulose,  it  becomes  a  por- 
tion of  the  permanent  vegetable  fabric. 

350.  If,  however,  we  suppose  sugar  to  be  a  direct  product  of  the 
assimilation  of  carbonic  acid  and  water,  the  amount  of  oxygen  gas 
exhaled  will  be  just  the  same  as  before.  For  this  has  the  same 
elementary  composition  as  dextrine,  starch,  and  cellulose,  with  the 
addition  of  one  or  two  equivalents  of  water  according  to  the  kind.* 
And  when  formed  as  a  transformation  of  dextrine,  then  the  latter 
has  only  to  appropriate  some  water.  In  the  origination  of  all  these 
products,  therefore,  the  same  quantity  of  carbonic  acid  is  consumed, 
and  all  its  oxygen  restored  to  the  air.f    It  is  more  and  more  evident. 


*  The  formula  for  cane-sugar  is  C12,  Hn,  On ;  for  grape-sugar,  C12,  Hia,  Oie. 

t  Since  all  these  neutral  ternary  substances  are  identical,  or  nearly  so,  in  ele- 
mentary composition,  and  since,  with  the  same  amount  of  carbon,  derived  from 
the  decomposition  of  carbonic  acid,  the  plant  can  form  them  all,  it  will  no  longer 
appear  surprising  that  they  should  be  so  readily  convertible  into  each  other  in 
the  living  plant,  and  even  in  the  hands  of  the  chemist.  But  the  chemistry  of 
organic  nature  exceeds  the  resources  of  science,  and  constantly  produces  trans- 
formations which  the  chemist  in  his  laboratory  is  unable  to  effect.  The  latter 
can  change  starch  into  dextrine,  and  dextrine  into  sugar ;  but  he  cannot  reverse 
the  process,  and  convert  sugar  into  dextrine,  or  dextrine  into  starch.  In  the 
plant,  however,  all  these  various  transformations  are  continually  taking  place. 
Thus,  the  starch  deposited  in  the  seed  of  the  Sugar-cane,  Indian  Corn,  &c.  is 
changed  into  sugar  in  germination  ;  and  the  sugar  which  fills  the  tissue  of  the 
stem  at  the  time  of  flowering  is  rapidly  carried  into  the  flowers,  where  a  portion 
is  transformed  into  starch  and  again  deposited  in  the  newly-formed  seeds.    And 


▲SSDHLATIOK.  195 

therefore,  that,  hj  just  so  much  as  plants  grow,  they  take  carbonic 
acid  from  the  air,  they  retain  its  carbon,  and  retui*n  its  oxygen. 

351.  In  the  production  of  that  modification  of  cellulose  called 
Zdgnine  (42),  which  abounds  in  wood  (if  this  be  really  a  simple 
product,  and  not  a  mixture),  not  only  must  a  larger  amount  of  car- 
bonic acid  be  decomposed,  but  a  small  portion  of  water  also,  with 
the  liberation  of  its  oxygen.  For  the  composition  attributed  to  it 
shows  that  it  contains  less  oxygen  than  would  suffice  to  convert  its. 
hydrogen  into  water.* 

352.  The  whole  class  of  fatty  substances,  including  the  Oihy  WaXf 
Chioraphyll  (84,  88,  92),  &c.,  contain,  some  of  them  no  oxygen  at 
all  (such  as  caoutchouc  and  Pine-oil),  and  all  of  them  less  oxygen 
than  is  requisite  to  convert  their  hydrogen  into  water.  In  their 
direct  formation,  if  this  be  supposed,  not  only  all  the  oxygen  of  the 
carbonic  acid  has  been  given  out,  but  also  a  portion  belonging  to  the 
water.  If  formed  by  a  further  deoxidation  of  neutral  ternary  pro- 
ducts, the  same  result  is  attained  as  i*espects  the  liberation  of  oxy- 
gen gas,  but  by  two  or  more  steps  instead  of  one.  The  Resing^ 
doubtless,  are  not  direct  vegetable  products,  but  originate  from  the 
alternation  and  partial  oxidation  of  the  essential  oils.  Balsams^ 
which  exude  from  the  bark  of  certain  plants,  are  natural  solutions  of 
resins  in  their  essential  oils,  as  rosin,  or  Pine-resin,  in  the  oil  of  tur- 
pentine. 

353.  An  opposite  class,  the  Vegetable  Acids  (86),  contain  more 
oxygen  than  is  necessary  for  the  conversion  of  their  hydrogen  into 
water,  but  less  than  the  amount  which  exists  in  carbonic  acid  and 
water.  Indeed,  the  most  general  vegetable  acid,  the  oxalic  (which 
may  be  formed  artificially  by  the  action  of  nitric  acid  on  starch), 
has  no  hydrogen,  except  in  the  atom  of  water  that  is  connected  with 
it.     Acids  are  sometimes  formed  in  the  leaves,  as  in  the  Sorrel,  the 


although  the  chemist  is  unable  to  transform  starch,  sugar,  &.c.  into  cellulose,  yet 
he  readily  effects  the  opposite  change,  by  reconverting  woody  fibre,  &c.  (under 
the  influence  of  sulphuric  acid)  into  dextrine  and  sugar.  The  plant  does  the 
same  thing  in  the  ripening  of  fruits,  during  which  a  portion  of  tissue  is  often 
transformed  into  sugar.  Starch-grains  and  cellulose  can  never  be  formed  arti- 
ficially, because  they  are  not  merely  organizable  matter,  but  have  an  organic 
structure. 

*  According  to  Payen,  lignine,  separated  as  much  as  possible  from  cellulose, 
consists  of  Carbon  53.8,  Hydrogen  6.0,  and  Oxygcu  4U.2  per  cent,  ^  C35,  Hsij 
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Grape-yine,  A^,  but  luoallj  in  the  fruit  If  produced  direedj-inmi 
the  sap,  as  they  may  be  in  add  leaves,  only  a  part  of  the  oxy^n  ib 
the  carbonic  acid  which  contributes  to  their  formation  would  be  ex- 
haled. But  if  formed  from  sugar,  or  any  other  of  the  general  prcH 
ducts  of  the  proper  juice,  the  abeorptioii  d  a  portion  of  oxygen  from 
the  air  would  be  required  for  the  conyersion;  and  this  absorpttooi 
takes  place  (at  least  in  some  cases)  when  fruits,  acquire  their  acidity. 
Even  their  formation  by  the  plant,  therefore,  is  attended  by  the  lib- 
eration of  oxygen  gas,  though  in  less  quantity  than  in  ordinary  vege^ 
tation. 

d«'>4.  There  is  still  another  dasfr  of  vegetable  products  of  uni* 
versal  occurrence,  and,  although  compaeatively  small  in  quantity  m 
plants,  yet  of  as  high  importance  as  those  which  constitute  their 
pemanent  fabric;  namely,  the  neutral  ^uaUmary  organic  com. 
poufidsy  of  which  nitrogen  is  a  constituent  (79).  These,  also,  are 
mutually  convertible  bodies,  related  to  each  other  as  dextrine  and 
sugar  are  to  starch  and  cellulose,  and  playing  the  same  part  in  the 
animal  economy  that  the  neutral  ternary  products  do  in  the  vege- 
table, i.  e.  forming  the  fabric  of  animals.  The  basis  or  type  of 
these  azotized  products  has  received  the  name  of  Protetne  (27) : 
hence  they  are  someUmes  collectively  called  proteine  compounds. 
In  their  production  from  the  plant's  food,  the  ammonia,  or  other 
azotized  matter  it  contains,  plays  an  essential  part ;  and  oxygen  gas 
is  restored  to  the  air  from  the  decomposition  of  all  the  carbonic  acid 
concerned  and  of  a  part  of  the  water.* 

355.  In  living  cells  the  proteine  forms  the  protoplasm,  or  vitally 
active  lining,  which  may  be  said  to  give  origin  to  the  vegetable 
structure,  since  the  cellulose  is  deposited  under  its  influence  to 
form  the  permanent  walls  or  fabric  of  the  cells,  as  has  already  been 
explained  (26  —  36).     When  the  cells  have  completed  their  growth 


*  The  chemical  changes  have  been  tabulated  thus  :  — 

The  materials : 

From  which  are  formed  the  product : 

C.    H. 

N. 

0. 

C. 

H. 

N. 

0. 

74  of  Water,                     74 

74 

1  of  Proteine, 

48 

36 

6 

14 

94  of  Carbonic  acid,  94 

188 

4  of  Cellulose, 

48 

40 

40 

2  of  Carbonate  of 

212  of  Oxygen  lib- 

ammonia,             2      2 

6 

4 

erated, 

212 

96     76       6  266  96     76       6   266 

Besides,  proteine  either  contains  or  is  naturally  combined  with  a  small  quan- 
tity offiuiphur  and  phosphorus  (10). 
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and  tninsfonnatiofn,  the  protoplasm  abandons  them,  the  portion  which 
is  not  decomposed  being  constantly  attracted  onwards  into  forming 
and  growing  parts,  where  it  incites  new  development.  For  this 
azotized  matter  has  the  remarkable  peculiarity  of  inducing  chemical 
changes  in  other  organic  products,  especially  the  neutral  ternary 
bodies,  cwising  one  kind  to  be  transformed  into  another,  or  even  the 
decomposition  of  a  part  into  alcohol,  acetic  acid,  and  finally  into 
carbonic  acid  and  water  (as  in  germination,  &c.),— itself  remaining 
the  while  essentially  unaltered. 

356.  The  constant  attraction  of  the  protoplasm  from  the  com- 
pleted into  the  forming  partis  of  the  plants  explains  how  it  is,  that 
so  sinali  a  pensentage  of  aeotized  matter  should  be  capable  of 
playing  such  an  all-important  part  in  the  vegetable  economy.  It 
does  its  work  with  little  loss  of  material,  and  no  portion  of  it  is  fixed 
in  the  tissues.  At  least,  the  little  that  remains  in  old  parts  is  capa- 
ble of  being  washed  out,  showing  that  it  forms  no  integral  part  of 
the  &bri(%  This  ex|^ns  why  tl^  heartwood  of  trees  yields  barely 
a  trace  of  nitrogen,  while  the  sap-wood  yields  an  appreciable  amount, 
and  the  camfanim-layer  and  all  parts  of  recent  formation,  such  as  the 
biids^yoilng  shoots,  and  rootlets,  always  contain  a  notable  proportion 
of  it.  This  gives  the  reason,  also,  why  sap-#ood  is  so  lifidble  to  decay 
|(induoed.by  the  proteine)^  the  moro  so  in  proportion  to  its  newness 
and  the  quantity  of  sap  it  contains,  while  the  completed  heart-wood 
is  so  dmraiile.  The  azotized  matter  rapidly  diminishes  in  the  stem 
and  herbage,  during  flowering,  while  it  acoumtilates  in  the  forming 
iruU,  and  is  finally  condensed  in  the  seeds  (which  have  a  larger  per- 
centage than  any  other  organ),  ready  to  subserve-  the  'same  office  in 
the  development  of  tiie  embryo  plant  it  contains.* 
,  357. /When  wheat-flour,  kneaded  into  dough,  is  subjected  to  the 
prolonged  acticm  of  water,  the  starch  is  washed  away^  and  a  tena- 
cious, elastic  residue,  the  Gluten  of  the  flour,  which  gives  it  the 
eapability  of  being  raised,  remains.  This  contains  nearly  all  the 
pfoteine  eo]iq[)eands  of  the  seed,  mixed  with  soine  fatty  matters 
(which:  may  b^  t^smoved  by  alcohol  and  elher)  and  with  a  little 
^ellidose*  ^The  azotized"  products  constitute  from  eight  to  thirty 
^er  eeM  of  the  weight  of  wheatrflour:  the  proportion  varies  greatly 


A^^ 


.*  The  cotyledons  of  peas  and  beans,  according  to  Mr.  Bigg,  contain  from 
lO&'ta. 140  parts,  and  the  plamdle  aS)out  200  parts,  of  nitrogen,  to  1,000  parts  of 
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under  difTeTent  circumstances,  but  it  is  always  largest  when  the  8oil 
is  well  supplied  with  manures  that  abound  in  nitrogen.  The  gluten 
of  wheat  is  a  mixture  of  four  isomeric  quaternary  products,  distin- 
guished by  chemists  under  the  names  Fibrine  (identical  in  nature 
with  that  which  forms  the  muscles  of  animals),  l^/^umen  (of  the  same 
nature  as  animal  albumen),  Casetne  (identical  with  the  curd  of  milk), 
and  tSlutine,  In  beans  and  all  kinds  of  pulse,  or  seeds  of  Legu- 
minous plants,  the  azotized  matter  principally  occurs  in  the  form 
of  Legumtncy  which  is  nearly  intermediate  in  character  between  albu- 
men and  caseine. 

358.  Comparing  now  these  principal  products  of  assimilation  in 
plants  with  the  inorganic  materials  from  which  they  must  needs  be 
formed,  it  may  clearly  be  perceived  tlmt  the  principal  result  of  vege- 
tation, as  concerns  the  atmosphere,  from  which  plants  draw  their 
food,  consists  in  the  withdrawal  of  water,  of  a  little  ammonia,  and  of 
a  large  proportion  of  carbonic  acid,  and  of  the  restoration  of  oxygen. 
The  latter  is  a  constant  effect  of  vegetation  and  the  measure  of  its 
amount  As  respects  the  fabric  of  the  plant,  the  sole  consequences 
of  its  formation  upon  the  air  are  the  withdrawal  of  a  small  quantity 
of  water,  and  of  a  large  amount  of  carbonic  acid  gas,  and  the  resto- 
ration of  the  oxygen  of  the  latter.  In  the  formation  of  its  azotized 
materials,  a  portion  of  ammonia  or  of  some  equivalent  compound  of 
nitrogen  is  also  withdrawn.  It  is  true,  indeed,  that  leaves  decom- 
pose carbonic  acid  only  in  daylight ;  and  that  they  sometimes  give  a 
quantity  of  carbonic  acid  to  the  air  in  the  night,  especially  when 
vegetation  languishes,  or  even  take  from  it  a  little  oxygen.  But 
this  does  not  affect  the  general  result,  nor  require  any  qualification 
of  the  general  statement  The  work  simply  ceases  when  light  is 
withdrawn.  The  plant  is  then  merely  in  a  passive  state.  Yet, 
whenever  exhalation  from  the  leaves  slowly  continues  in  darkness, 
the  carbonic  acid  which  the  water  holds  necessarily  flies  off  with  it, 
during  the  interruption  to  vegetation,  into  the  atmosphere  from 
which  the  plant  took  it  So*  much  of  the  crude  sap,  or  raw  mate- 
rial, merely  runs  to  waste.  Furthermore,  it  must  be  remembered 
that  the  decompositbn  of  carbonic  acid  in  vegetation  is  in  direct  op- 
position to  ordinary  chemical  affinity ;  or,  in  other  words,  that  all 
organized  matter  is  in  a  state  corresponding  to  that  of  unstable 
equilibrium.  Consequently,  when  light  is  withdrawn,  ordinary 
chemical  forces  may  perhaps  to  some  extent  resume  their  sway,  the 
oxygen  of  the  air  combine  with  some  of  the  newly  deposited  carbon 
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to  reproduce  a  little  carbonic  acid,  and  thus  demolish  a  portion  of 
the  rising  vegetable  structure  which  the  setting  sun  left,  as  it  were, 
in  an  unfinished  or  unstable  state.  This  is  what  actually  takes  place 
in  a  dead  plant  at  all  times,  and  whenever  an  herb  is  kept  in  pro- 
longed darkness ;  chemical  forces,  exerting  their  power  uncontrolled, 
demolish  the  whole  vegetable  fabric,  beginning  with  the  chlorophyll 
(as  we  observe  in  blanching  Celery),  and  at  length  resolve  it  into 
the  carbonic  acid  and  water  from  which  it  was  formed.  But  this 
must  all  be  placed  to  the  account  of  decampostnff,  not  of  growing 
vegetation ;  and  even  if  it  were  a  universal  phenomenon,  which  is 
by  no  means  the  case,*  would  not  affect  the  general  statement,  that, 
hg  so  much  as  plants  grow^  they  decompose  carbonic  acid  and  give 
its  oxygen  to  the  air ;  or,  in  other  words,  purify  the  air. 

359.  Every  six  pounds  of  carbon  in  existing  plants  have  withdrawn 
twenty-two  pounds  of  carbonic  acid  gas  from  the  atmosphere,  and 
replaced  it  with  sixteen  pounds  of  oxygen  gas,  occupying  the  same 
bulk.  To  form  some  general  conception  of  the  extent  of  the  infiu- 
ence  of  vegetation  upon  the  air  we  breathe,  therefore,  we  should 
compute  the  quantity  of  carbon,  or  charcoal,  that  is  contained  in  the 


*  It  is  stated  that  many  ordinary  plants,  when  in  full  health  and  vigoroas 
vegetation,  impart  no  carbonic  add  to  the  air  during  the  night.  —  See  Pepys,  in 
Philosophical  Transactions,  for  1843. — Plants  deteriorate  the  air  only  in  their 
decay,  and  in  peculiar  processes,  distinct  from  vegetation  and  directly  the  re- 
verse of  assimilation ;  as  in  germination,  for  instance,  where  the  proteine  in* 
duces  the  decomposition  of  a  portion  of  the  store  of  assimilated  matter,  in  order 
that  the  rest  may  be  brought  into  a  serviceable  condition.  The  evolution  of 
carbonic  acid  by  plants,  therefore,  when  it  occurs,  is  no  part  of  vegetation.  And 
it  is  by  a  false  analogy  that  this  loss  which  plants  sustain  in  the  night  has  been 
dignified  with  the  name  of  vegetable  respiration,  and  vegetables  said  to  vitiate  the 
atmosphere,  just  like  animals,  by  their  respiration,  while  they  purify  it  by  their 
digestion  If,  indeed,  this  were  a  constant  function,  in  any  way  contributing  to 
maintain  the  life  and  health  of  the  plant,  it  might  be  properly  enough  compared 
with  the  respiration  of  animals,  which  is  itself  a  decomposing  operation.  But 
this  is  not  the  case.  And  herein  is  a  characteristic  difference  between  vegetables 
and  animals :  the  tissues  of  the  latter  require  constant  interstitial  renewal  by 
nutrition,  new  particles  replacing  the  old,  which  are  removed  and  restored  to  the 
mineral  world  by  respiration :  while  in  plants  there  is  no  such  renewal,  but  the 
fabric,  once  completed,  remains  unchanged,  ceases  to  bo  nourished,  and  conse- 
qnently  soon  loses  its  vitality ;  while  new  parts  are  continually  formed  farther 
on  to  take  their  places,  to  be  m  turn  abandoned^  Plants,  therefore,  having  no 
decomposition  and  recoraposition  of  any  completed  fabric,  cannot  properly  .b« 
said  to  have  the  function  of  rcspiradon. 
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forests  and  herbage  of  the  world,  and  add  to  the  estimate  all  that 
exists  in  the  soil,  as  vegetable  mould,  peat,  and  in  other  forms ;  all 
that  is  locked  up  in  the  vast  deposits  of  coal  (the  product  of  the 
vegetation  of  bygone  ages) ;  and,  finally,  all  that  pertains  to  the 
whole  existent  animal  kingdom ;  —  and  we  shall  have  the  aggregate 
amount  of  a  single,  though  the  largest,  element  which  vegetation  lias 
withdrawn  from  the  atmosphere.  By  multiplying  this  vast  amount 
of  carbon  by  sixteen,  and  dividing  it  by  six,  we  obtain  an  expression 
of  the  number  of  pounds  of  oxygen  gas  that  have  in  this  process 
been  supplied  to  the  atmosphere. 

360.  Rightly  to  understand  the  object  and  consequences  of  this 
immense  operation,  which  has  been  going  on  ever  since  vegetatioa 
began,  it  should  be  noted,  that,  so  far  as  we  know,  vegetation  is 
the  only  operation  in  nature  which  gives  to  the  air  free  oxygen  gas, 
that  indispensable  requisite  to  animal  life.  There  is  no  other  pro* 
vision  for  maintaining  the  supply.  The  prevailing  chemical  ten- 
dencies, on  the  contrary,  take  oxygen  from  the  air.  Few  of  the 
materials  of  the  earth's  crust  are  saturated  with  it ;  some  of  them 
stin  absorb  a  portion  from  the  air  in  the  changes  they  undergo ; 
and  none  of  them  give  it  back  in  the  free  state  in  which  they  took 
^t,  —  in  a  state  to  support  animal  life, — by  any  known  natural 
process,  at  least  upon  any  considerable  scale.  Animals  all  con- 
sume oxygen  at  every  moment  of  their  life,  giving  to  the  air  carbonic 
acid  in  its  room ;  and  when  dead,  their  bodies  consume  a  further  por- 
tion in  decomposition.  Decomposing  vegetable  matter  produces  the 
same  result.  Its  carbon,  taking  oxygen  from  the  air,  is  likewise 
restored  in  the  form  of  carbonic  acid*  Combustion,  as  in  burning 
our  fuel,  amounts  to  precisely  the  same  thing ;  it  is  merely  rapid 
decay.  The  carbon  which  the  trees  of  the  forest  have  been  for 
centuries  gathering  from  the  air,  their  prostrate  decaying  trunks 
may  almost  as  slowly  restore  to  the  air,  in  the  original  form  of 
carbonic  acid.  But  if  set  on  fire,  the  same  result  may  be  accom- 
plished in  a  day.  All  these  causes  conspire  to  rob  the  air  of  its 
life-sustaining  oxygen.  The  original  supply  is  indeed  so  vast,  that, 
were  there  no  natural  compensation,  centuries  upon  centuries  would 
elapse  before  the  amount  of  oxygen  could  be  so  much  reduced,  or 
that  of  carbonic  acid  increased,  as  to  affect  the  existence  of  the 
present  races  of  animals.  But  such  a  period  would  eventually 
arrive,  were  there  no  natural  provision  for  the  decomposition  of  the 
carbonic  acid  constantly  poured  into  the  air  from  these  various 
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MMiTeesy  and  for  the  restoration  of  its  oxygen.  The  needful  com* 
^penaation  is  found  in  the  vegetable  kingdom.  While  animals  oon>- 
sume  the  oxygen  of  the  air,  and  give  back  carbonic  acid  which  is 
iiQurious  to  their  life,  this  carbonic  acid  is  the  prindpal  element  of 
the  feod  of  vegetiibles,  is  oonsnmed  and  decomposed  by  them,  and 
its  oxygen  restored  for  the  use  of  animals.  Hence  the  perfect  adap- 
tation of  tbe  two  great  kingdoms  of  living  beings  to  each  other; — 
eacjii  removing  frcm  the  atmosphere  what  would  be  noxious  to  the 
i»ther;  — each  yiekUng.to  the  atmosphere  what  is  essential  to  the 
continued  existence  of  the  other.* 

.  361.  The  relations  of  simple  vegetation,  under  this  aspect,  to  the 
loaineral  kingdom  on  the  one  hand,  and  the  animal  kingdom  on  the 
other,  »f»  simply  set.  forth  in  the  first  part  of  the  diagram  placed  at 
^e  dose  of  this  chaplier. . 

362.  But,  besides  this  remotdy  essential  office  in  purifying  the 
jBOXy  the  vegetaUe  kingdom  renders  to  the. animal  another  service 
jso  immediate,  that  its  failure  for  a  single  year  would  nearly  depop- 
ulate the  earth;  namely,  in  providing  the  necessary  food  for  the 
whole  animal  kingdom.  It  is  und^  this.  vieW  that  the  great  office 
of  vegetation  in  the  general  economy  of  the  world  is  tt>  be  contem- 
plated. Plants  are  the  sole  producers  of  nourishment.  They  alone 
transform  mineral,  chiefly  atmospheric  ^materials,  they  condense  air, 
into  organized  matter.  While  they  thus  produce  upon  a  vast  scale, 
they  consume  or  destroy  comparatively  little;  apd  this  never  in 
proper  vegetation,  but  in  some  special  processes  hereafter  to  be  con- 
sidered (370).  .  Often  when  they  appear  to  consume  their  own  pro- 
ducts, they  only  transform  and  transfer  them,  as  when  the  starch 
of  the  potato  is  converted  into  new. shoots  and  foliage.  . 
;  363.  Animals  conswme  what  vegetables  produce.  They  them- 
selves produce  nothing  directly  from  the  mineral  yprld.  The 
herbivorous  animals  take  fix)m  vegetables  the  organized  matter 
which  they -have  produced;  —  a  part  of  it  they  consume,  *  and  in 
respiration  restore  the  materials  to  the  atmosphere,  fiiom  which 

PI  ■  X  III  I        >   I  ■  ■  <    I   ■    I  I  I  —1^——  M I  —  ■■■■I,  ■■■■■Oil  IWli  I 

*  It  ig  plain,  however,  that,  while  the  animal  kingdom  is  entirely  dependent 
on  the  yegetable,  the  la^tter  is  independent  of  the  fonner,  and  .might  have 
existed  alone.  The  decaying  races  of  plants,  giving  back  their  carbon  to  the 
air  and  to  th6  soil  by  decay,  wonld  famish  food  for  their  successors.  '  And  since 
all  the  carbonic  acid  which  animals  render  to  the  air  in  respiration  they  have 
'derived  fxfom  their  vegetable  food,  this  wonld  in  time  have  found  its  way  Imck  to 
the  air,  for  the  use  of  new  generations  of  plants,  without  the  iutci-vention  of 
animals.    At  most,  they  merely  expedite  its  return. 
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plants  derived  them,  in  the  very  form  in  which  they  were  taken, 
namely^  as  carbonic  acid  and  water.  The  portion  they  accumulate 
in  their  tissues  constitutes  the  food  of  carnivorous  animals ;  who 
consume  and  return  to  the  air  the  gi*eater  part  during  life,  and  the 
remainder  in  decay  after  death.  The  atmosphere,  therefore,  out  of 
which  plants  create  nourishment,  and  to  which  animals  as  they  con- 
sume return  it,  forms  the  necessary  link  between  the  animal  and 
vegetable  kingdoms,  and  completes  the  great  cycle  of  organic  exist- 
ence. Organized  matter  passes  through  various  stages  in  vege- 
tables, through  others  in  the  herbivorous  animals,  and  undergoes  its 
final  transformations  in  the  carnivorous  animals.  Portions  are  con- 
sumed at  every  stage,  and  restored  to  the  mineral  kingdom,  to  which 
the  whole,  having  accomplished  its  revolution,  finally  returns. 

364.  Moreover,  plants  not  only  furnish  all  the  materials  of  the 
anim(il  fabric,  but  furnish  each  principal  constituent  ready  foi*med, 
so  that  the  animal  has  only  to  appropriate  it.  The  food  of  animals 
is  of  two  kinds;  —  1.  that  which  serves  to  support  respiration  and 
maintain  the  animal  heat;  2.  that  which  is  capable  of  forming  a 
portion  of  the  animal  fabric,  of  its  flesh  and  bones.  The  ternary 
vegetable  products  fiimish  the  first,  in  the  form  of  sugar,  vegetable 
jelly,  starch,  oil,  &c.,  and  even  cellulose ;  substances  which,  contain- 
ing no  nitrogen,  cannot  form  an  integral  part  of  the  animal  frame, 
but,  conveyed  into  the  blood,  are  decomposed  in  respiration;  the 
carbon  and  the  excess  of  hydrogen  combining  with  the  oxygen  of 
the  air,  to  which  they  are  restored  in  the  form  of  cai'bonic  acid  and 
water.  Any  portion  not  required  by  the  immediate  demands  of  res- 
pii'ation  is  stored  in  the  tissues  in  the  form  of  fat,  (which  the  animal 
may  either  accumulate  directly  from  the  oily  and  waxy  matters  in 
its  vegetable  food,  or  produce  by  an  alteration  of  the  starch  and 
sugar,)  as  a  provision  for  future  use :  a  deficiency  of  such  materials 
subjects  the  tissues  themselves,  or  the  proper  supporting  food,  to  im- 
mediate decomposition  in  respiration.  Tlie  quaternary  or  azotized 
products  furnish  the  proper  materials  of  the  animal  frame,  the 
fibrine,  caseine,  albumen,  &c.  being  directly  appropriated  from  the 
vegetable  food  to  form  the  blood,  muscles,  &c. ;  while  a  slight  trans- 
formation of  them  gives  origin  to  gelatine,  of  which  the  sinews,  carti- 
lages, and  the  organic  part  of  the  bones,  consist.  The  earthy  por- 
tion of  the  bones,  the  iron  in  the  blood,  and  the  saline  ingredients 
of  the  animal  body,  are  drawn  from  the  earthy  constituents  (336)  of 
the  plants  upon  which  the  animal  feeds.     The  animal  merely  ap- 
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propriates  and  ancumuliiles  llie^e  already  organizable  materials, 
changing  them,  it  may  be,  little  by  little,  as  he  destroys  them,  but 
rendering  them  nil  back  {those  of  the  first  class  through  the  lungs, 
of  tlie  second  through  the  kidneys)  finally  to  the  earth  and  air,  from 
whicli,  and  in  the  condition  in  which,  the  v^elable  took  them. 

86d.  The  general  relaliona  of  vegetation  to  the  mineral  and  ani- 
mai  kingdoms  are  exhibited  in  the  subjoined  diagram. 
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FLOWERIKO  AND  ITS   CONSEQCKNCES. 


CHAPTER    VII. 

OP  FLOWERTXO  AND  ITS  CONSEQUENCES. 

366.  Plants  have  thus  far  been  considered  only  as  respects 
their  Organs  of  Vegetation^  —  those  which  essentially  constitute 
the  vegetable  being,  by  which  it  grows,  deriving  its  support  from 
the  suiTounding  air  and  soil,  and  converting  these  inorganic  mate- 
rials into  its  own  organized  substance.  As  every  additional  supply 
of  nourishment  furnishes  materials  -for  the .  development  of  new 
branches,  roots,  and  leaves,  thus  multiplying  both  those  organs  which 
receive  food  and  those  which  assimilate  it,  it  would  seem  that,  apart 
from  accidents,  the  increase  and  extension  of  plants  would  be  limited 
only  by  the  faibire  of  an  adequate  supply  of  nourishmentr  Ailer  a 
certain  period,  however,  varying  in  different  species^  but  nearly  con- 
stant in  each,  a  change  ensues,  which  controls  this  otherwise  indefi- 
nite extent  of  the  branches.  A  portion  of  the  buds,  instead  of  elon- 
gating into  branches,  are  developed  in  the  form  of  Flowers  ;  and 
nourishment  which  would  otherwise  contribute  to  the  general  in- 
crease of  the  plant,  is  devoted. to  their  pi-oduction,  and  to  the  matu- 
ration o^  the  fruit  and  seeds* 

367.  Flowering  an  Exhaostive  Proeess.  Plants  begin  to  bear  flowers 
at  a  nearly  determinate  period  for  each  species ;  which  is  dependent 
partly  upon  constitutional  causes,  and  partly  upon  the  requisite  sup- 
ply of  nutritive  matter  in  their  system.  For,  since  the  flower  and 
fruit  draw  largely  upon  the  powers  and  nourishment  of  the  plant, 
while  they  yield  nothing  in '  return,  fructification  is  an  exhaustive 
process,  and  a  due  accumulation  of  food  is  i*equisite  to  sustain  it.* 


*  When  the  branch  of  a  fruit-tree,  'which  is  sterile  or  does  not  perfect  its  blos- 
soms, is  ringed  or  girdled  (by  the  removal  of  a  narrow  ring  of  bark),  the  elab- 
orated jaices;  being  arrested  in  their  downward  course,  are  accumulated  in  the 
branch,  which  is  thus  enabled  to  produce  finiit  abundantly ;  while  the  shoots  that 
appear  below,  the  ring,  being  fed  by  the  much  weaker  asciending  sap,  do  not 
blossom,  but  push  forth  into  leafy  branches^  So  the  flowers. of  most  trees  and 
shrubs  that  bear  large  or  fleshy  fruit  are  produced  from  lateral  buds,  resting 
directly  upon  the  wood  of  the  previous  year,  in  which  a  quantity  of  nutritive 
matter  is  deposited.  So,  also,  a  seedling  shoot,  which  would  not  flower  for 
several  years  if  left  to  itself,  blossoms  the  next  season  when  inserted  as  a  graft 
into  an  older  trunk,  from  whose  accumulated  stock  it  draws. 
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Annuals  flower  in  a  few  weeks  or  months  after  they  spring  from  the 
seedy  when  they  have  little  nourishment  stored  up  in  their  tissue ; 
and  their  lives  are  destroyed  by  the  process  (144) :  biennials  flower 
after  a  longer  period,  rapidly  exhausting  the  nourishment  accumu- 
lated in  the  root  during  the  previous  season,  and  then  perishing 
(145) ;  while  shrubs  and  trees  do  not  commence  flowering  until 
they  are  sufficiently  established  to  endure  it.  The  exhaustion  con- 
sequent upon  flowering,  however,  is  often  exhibited  in  fruit-trees, 
which,  after  producing  an  excessive  crop  (especially  of  late  fruits, 
such  as  apples),  sometimes  &il  to  bear  the  succeeding  year.  When 
the  crop  of  one  year  fails,  the  nourishment  which  it  would  have  ap- 
propriated accumulales,  and  the  tree  may  bear  more  abundantly  the 
following  season,  and  so  on  alternately  from  year  to  year. 

368.  Ihe  actuid  consumption  of  nourishment  in  flowering  may 
be  shown  in  a  variety  of  ways ;  as  by  the  rapid  disappearance  of 
the  farinaceous  or  saccharine  store  in  the  roots  of  the  Carrot,  Beet, 
&C.  when  they  begin  to  flower,  leavinfg  them  light,  dry,  and  empty; 
and  by  the  rapid  diminution  of  the  sugar  in  the  stalks  of  the  Sugar- 
cane and  of  Madze  at  the  same  period.  The  stalks  are  therefore 
cut  for  making  sugar  just  before  the  flowers  expand,  when  they 
contain  the  greatest  amount  of  saccharine  matter. 

869.  The  consequences  of  this  exhaustion  upon  the  duration  of 
plants  are  furthei*  illustrated  by  the  facility  with  which  annuals  may 
be  changed  into  biennials,  or  their  life  prolonged  indeflnitely  by 
preventing  their  flowering ;  while  they  perish  whenever  they  bear 
flowers  and  seed,  whether  during  the  flrst  or  any  succeeding  year. 
Thus,  a  common  annual  Larkspur  has  giv^n  rise  to  a  double-flowered 
variety  in  the  gardens,  which  bears  no  seed,  and  has  therefore  be- 
come a  perennial.  Cabbage-stumps,  which  are  planted  for  seed,  may 
be  made  to  bew  heads'  the  second  year  by  destroying  the  flower- 
shoots  as  they  arise ;  and  the  process  may  be  continued  from  year  to 
year,  thus  converting  a  biennkil  into  a  kind  of  perennial  plant  The 
effect' of  flowering  upon  the  longevity  of  the  individual  is  strikingly 
shown  by  the  Agave,  or  Century-plant^  —  so  called  because  it  flow'* 
ers  in  our  conservatories  only  after  the  lapse  of  a  hundred,  or  at 
kiast  a  great  number  of  years ;  although,  iii  its  native  sultry  climate, 
it  generally  flowers  whei^  five  or  six  years  old.  But  whenever  this 
occurs,,  the  swee^  juice  with  which  it  is  flllM  at  the  time  (which  by 
fomentation  forms  ptdquef  the  inebriating  drink  of  the  Mexicans)  is 
eonsiimed  at  a  rato  answering  to  the  astonishing  rapidity  with  which 

18 
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its  huge  flower-stalk  shoots  forth  (24),  and  the  whole  plant  inevita- 
blj  perishes  when  the  seeds  have  ripened.  So,  also,  the  Coiypha, 
or  Talipot-tree,  a  magnificent  Oriental  Palm,  which  lives  to  a  great 
age  and  attains  an  imposing  altitude  (bearing  a  crown  of  leaves, 
each  blade  of  which  is  often  thirty  feet  in  circumference),  fiowei's 
only  once  ;  but  it  then  bears  an  enormous  number  of  blossoms,  suc- 
ceeded by  a  crop  of  nuts  sufficient  to  supply  a  large  district  with 
seed ;  and  the  tree  perishes  from  the  exhaustion. 

370.  Flowering  and  fruiting,  then,  draw  largely  upon  the  plant's 
resources,  while  they  give  back  nothing  in  return.  In  these  opei*ar 
tions,  as  also  in  germination,  vegetables  act  as  true  consumers  (like 
animals,  363),  decomposing  their  own  products,  and  giving  back 
carbonic  acid  and  water  to  the  air,  instead  of  taking  these  materials 
from  the  air.  It  is  in  flowering  that  they  actually  consume  most. 
In  fruiting,  although  a  large  quantity  of  nourishment  is  taken  from 
the  plants,  this  is  mostly  accumulated  in  the  fruit  and  seed,  in  a  con- 
centrated form,  for  the  future  use  of  the  new  individual  in  the  seed. 

371.  The  real  consumption  of  nourishment  by  the  flower  is  shown 
by  the  action  of  flowers  upon  the  air,  so  different  from  that  of  leaves. 
While  the  foliage  withdraws  carbonic  acid  from  the  air,  and  re- 
stores oxygen  (346,  358),  flowers  take  a  small  portion  of  oxygen 
from  the  air,  and  give  back  carbonic  acid.  -  While  leaves,  therefore, 
purify  the  air  we  breathe,  flowers  contaminate  it ;  though,  of  course, 
only  to  a  degree  which  is  relatively  and  absolutely  insignificant. 
This  process  is  necessarily  attended  by  the 

372.  EYOlation  of  Heat.  When  carbon  is  consumed  as  fuel,  and 
by  the  oxygen  of  the  air  converted  into  carbonic  acid,  an  amount 
of  heat  is  evolved  directly  proportionate  to  the  quantity  of  carbon 
consumed,  or  of  carbonic  acid  produced.  Precisely  the  same 
amount  is  more  slowly  generated  during  the  gradual  decomposition 
of  the  same  quantity  of  vegetable  matter  by  decay,  —  a  heat  which 
is  employed  by  the  gardener  when  he  makes  hot-beds  of  tan,  decay- 
ing leaves,  and  manure,  —  or  by  the  breathing  of  animals,  which 
maintains  their  elevated  temperature  (364).  The  conversion  of  a 
given  amount  of  carbon  and  hydrogen  into  carbonic  acid  and  water, 
under  whatever  circumstances  it  may  take  place,  and  whether  slowly 
or  rapidly,  generates  in  all  cases  the  very  same  amount  of  heat. 
Now,  since  flowers  consume  carbon  and  produce  carbonic  acid,  acting 
in  this  respect  like  animals,  they  ought  to  evolve  heat  in  proportion 
to  that  consumption.     This,  in  fact,  they  da     The  evolution  of  heat 
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in  blossoming  was  first  observed  by  Lamarck,  about  seventy  years 
ago,  in  the  European  Arum,  which,  just  as  the  flowers  open,  "  grows 
hot,  as  if  it  were  about  to  burn."  It  was  afterwards  shown  by  Saus- 
sure  in  a  number  of  flowers,  such  as  those  of  the  Bignonia,  Grourd, 
and  Tuberose,  and  the  heat  was  shown  to  be  in  direct  proportion  to 
the  consumption  of  the  oxygen  of  the  air,  or,  in  other  words,  of  the 
carbon  of  the  plant.  The  increase  of  temperature,  in  these  cases, 
was  measured  by  common  instruments.  But  now  that  thermo-elec- 
tric apparatus  affords  the  means  of  measuring  variations  inappre- 
ciable by  the  most  delicate  thermometer,  the  heat  generated  by  au 
ordinary, cluster  of  blossoms  may  be  detected.  The  phenomenon  is 
most  striking  in  the  case  of  some  large  tropical  plants  of  the  Arum 
family,  where  an  immense  number  of  blossoms  are  crowded  together 
and  mufHed  by  a  hooded  leaf,  or  spathe  (390),  which  confines  and  rever- 
berates the  heat.  In  some  of  these,  the  temperature  rises  at  tiiT^ea 
to  twenty  or  even  fifly  degrees  (Fahrenheit)  above  that  of  the  sur- 
rounding air.  This  increase  of  temperatui*e  occurs  daily,  from  the 
time  the  flowers  open  until  they  fade,  but  is  most  striking  during  the 
shedding  of  the  pollen.  At  night,  the  temperature  falls  nearly  to 
that  of  the  surrounding  air ;  but  in  the  course  of  the  morning  the 
heat  comes  on,  as  it  were  like  a  paroxysm  of  fever,  attaining  the 
maximum,  day  after  day,  very  nearly  at  the  same  hour  of  the  after- 
noon, and  gradually  declining  towards  evening.  In  oi'dinary  cases, 
the  heat  of  flowering  is  more  than  counterbalanced  by  the  vaporiza- 
tion of  the  sap  and  the  absorption  of  solar  heat  by  the  foliage ;  so 
that  the  actual  temperature  of  a  leafy  plant  in  summer  is  lower  than 
that  of  the  atmosphere. 

373;  We  have  remarked  that  the  principal  consumption  takes 
place  in  the  flower ;  and  that  a  store  is  laid  up  in  the  fruit  and  seed. 
But  much  even  of  this  store  is  consumed  when  the  seed  germinates ; 
and  in  germination,  as  is  seen  in  the  malting  of  barley,  a  large 
amount  of  oi^anic  matter  is  decomposed  into  carbonic  acid  and 
water,  and  a  proportionate  quantity  of  heat  is  evolved.  By  a  not 
very  violent  metaphor  it  may  be  said,  therefore,  that  the  fabled  Phoe- 
nix is  realized  in  the  Centuiy-plant  (369),  which,  afler  living  a  hun- 
dred years,  consumes  itself  in  producing  and  giving  life  to  its  off- 
spring, who  literally  rise  fix)m  its  ashes. 

374.  Plants  need  a  Season  of  Rest.  When  plants  are  in  luxuriant 
growth,  rapidly  pushing  forth  leafy  branches,  they  are  not  apt  to 
produce  flower^buds.     Our  fruit-trees,  in  very  moist  sea:sons,  or 
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when  cuHiTated  in  too  rich  a  soil,  often  grow  Inxmiandy,  but  do  not 
bloe^om.  The  same  thing  is  observed  when  our  Northern  frnit-trees 
are  transported  into  tropical  climates.  On  the  other  hand,  whatever 
cheeks  this  continuous  growth,  without  affecting  the  health  of  the 
individual,  causes  blossoms  to  appear  earlier  and  more  abundantly 
than  they  otherwise  would.  It  is  for  this  reason  that  transplanted 
fruit-trees  incline  to  blossom  the  first  season  after  their  removal, 
though  they  may  not  do  so  again  for  several  years.  A  state  of  com- 
parative rest  seems  needful  to  the  transformation  by  which  flowers 
are  formed.  It  is  in  autumn,  or  at  least  after  the  vigorous  vegeta- 
tion of  the  season  is  over,  that  our  trees  and  shnibs,  and  most  peren* 
ttia!  herbs,  form  the  flower-buds  of  the  ensuing  year. 

375.  The  requisite  annual  season  of  repose,  which  in  temperate 
climates  is  attained  by  the  lowering  of  the  temperaturo  in  autumn  and 
winter,  is  scarcely  less  marked  in  many  tropi«d  countries,  where 
winter  is  unknown*  But  the  result  is  there  brought  about,  not  by 
cold,  but  by  heat  and  dryness.  The  Cape  of  Good  Hope,  the 
Canary  Islands,  and  the  southern  and  interior  parts  of  California, 
may  be  taken  as  illustrations.  In  the'  Canaries,  the  growing  season 
is  from  November  to  March, — the  winter  of  the  northern  hemi^ 
sphere; — their  winter  also,  as  it  i^  the  coolest  season,  the  mean 
temperature  being  66^  Fahr.  But  the  rains  fall  rogularly,  and 
vegetation  is  active ;  while  in  summer,  from  April  to  October,  it 
very  seldom  rains,  and  the  mean  t^nperature  is  as  high  as  73°. 
During  this  dry  seasmi,  when  the  scorching  sun  reduces  the  soil 
nearly  to  the  dryness  alid  c(9isistenee  of  brick,  ordinary  vegetation 
almost  completely  disappears ;  and  the  Fig-Marigolds,  EuphorlMas, 
and  other  succulent  plants,  which,  fitted  to  this  condition  of  things, 
alone  remain  green,  not  unaptly  rq^ros^t  the  Firs  and  other  evei> 
greens  of  high  northern  latitudes.  The  dry  heat  there*  brings  about 
the  same  state  of  vegetable  repose  as  cold  with  us.  The  roots  and 
bulbs  then  lie  dormant  beneath  the  sunburnt  crust,  just  as  they  do 
in  Our  frozen  soiL  When  the  rainy  season  sets  in,  and*  the  crust  is 
softened  by  moi^ure^  they  are  excited  into  growth  under  a  dimin- 
ished temperature  just  as  with  us  byh^t;  and  the  ready-formed 
flower-buds  aro  suddenly  developed,  clothing  at  once  the  arid 
waste  with  a  profusion  of  blossoms  (194).  The  vegetation  of  such 
regions  consists  mainly  of  succulents,  which  are  able  to  live  through 
the  drought  and  ei^posure ;  of  bulbous  plants,  which  run  through 
their  course  befbt'e  th^  drought  becomes  severe,  then  lose  their 
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foliage,  while  the  bud  remains  quiescent,  safely  protected  under 
ground  until  the  rainy  seac^on  returns  ;  and  of  annuals,  which  make 
their  whole  growth  in  a  few  weeks,  and  ripen  their  seeds,  in  which 
state  the  species  securely  passes  the  arid  season* 

376.  These  considerations  elucidate  the  process  i:^ forcing  plants, 
and  other  operations  of  horticulture,  by  which  we  are  enabled  to 
obtain  in  winter  the  flowers  and  fruits  of  summer.  The  gardener 
accomplishes  these  results  principally  by  skilful  alterations  of  the 
natural  period  of  repose.  He  gives  the  plant  an  artificial  period 
of  rest  by  dryness  at  the  season  when  he  cannot  command  cold, 
and  then,  by  the  influence  of  heat,  light,  and  moisture,  which  he  can 
always  command,  causes  it  to  grow  at  a  season  when  it  would  have 
been  quiescent  Thus  he  retards  or  advances,  at  will,  the  periods 
of  flowarihg  and  of  rest,  or  in  time  completely  inverts  them. 


CHAPTER    VIII. 


OF  THE  INFLORESCENCE. 


377.  InflORIMDM  is  the  term  used  to  designate  the  arrangement 
of  flowers  upon  the  stem  or  branch;  The  flower,  like  the  branch, 
is  evolved  from  a  bud.  Flower-buds  and  leaf-buds  are  oflen  so 
similar  in  appearance,  that  it  is  difficult  to  distinguish-  one  from  the 
other  before  their  expansion.  The  most  conspicuous  parts  of  the 
flower  are  so  obviously  analogous  to  the  leaves  of  a  branch,  that 
they  are  called  in  common  Janguage  the  l^ves  of  the  flower.  Such 
a  flower  as  the  double  Camellia  appeuis  as  if  composed  of  a  rosette 
of  white  or  colored  leaves,  resembling,  except  in  their  color  and 
texture,  the  chisters  of  leaves  which  are  crowded  on  the  offsets  of 
such  plants  as  the  Houseleek  (Fig.  207).  We  therefore  naturally 
re^uxl  a  floweivbud  as  analogous  to  a  leaf-bud ;  and  a  flower,  con- 
sequently, as  analogous  to  a  short  leafy  branch. 

378.  This  analogy  is  oonfiimed  by  the  position  which  flowers  oc- 
cupy. They  appear  at  the  same  situations  as  ordinary  buds,  and  at 
no  other;  that  is,  they  occupy  the  extremity  of  the  stem  or  branch, 
and  the  axil.of  the  leaves  (159,  165).     Consequently,  the  aiTange- 
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•ment  of  the  leaves  governs  the  whole  arrangement  of  the  blossoms, 
as  well  as  that  of  the  branches.  The  almost  endless  variety  of 
modes  in  which  flowers  are  clustered  upon  the  stem,  many  of  them 
exliibiting  the  most  graceful  of  natural  forms,  all  implicitly  follow  the 
general  law  which  has  controlled  the  whole  development  of  the  vege- 
table from  the  beginning.  We  have,  throughout,  merely  buds  termi- 
nating the  stem  and  branches,  and  buds  from  the  axil  of  the  leaves. 

379.  The  simplest  kind  of  inflorescence  is,  of  course,  that  of  a 

solitary  flower,  —  a  sin- 
gle flower-stalk  beaiing 
a  single  flower;  as  in. 
Fig.  306  and  Fig.  327. 
The  flower  is  solitary  in 
both  these  instances ;  but 

806  in  the  latter  case  it  oc- 

cupies the  summit  of  the  stem,  that  is,  it  stands  in  the  place  of 
a  terminal  bud ;  in  the  former  it  arises  from  the  axil  of  a  leaf,  or 
represents  an  axillary  bud.  These  two  cases  exhibit,  in  their  great- 
est simplicity,  the  two  plans  of  inflorescence,  to  one  or  the  other  of 
which  all  flower-clgsters  belong. 

380.  We  begin  with  the  second  of  these  plans;  in  which  the 
flowers  all  spring  from  axillary  buds ;  while  the  temiinal  bud,  de- 
veloping as  an  ordinary  branch,  continues  the  stem  or  axis  indefi- 
nitely. For  the  stem  in  such  case  may  continue  to  elongjite,  and 
produce  a  flower  in  the  axil  of  every  leaf,  until  its  powers  are  ex- 
hausted (Fig.  307).     Tliis  gives  rise,  thei^efore,  to  what  is  called 

381.  Indefinite  or  Indeterminate  Inlloreseenee.    The  primary  axis  is 

here  never  terminated  by  a  flower ;  but  the  secondary  axes  (from 
axillary  buds)  are  thus  terminated.  The  various  forms  of  indefi- 
nite inflorescence  which  in  descriptive  botany  are  distinguished  by 
special  names,  as  might  be  expected,  i-un  into  one  another  through 
intermediate  gi'adations.  In  nature  they  are  not  so  absolutely  fixed 
as  in  our  written  definitions  ;  and  whether  this  or  that  name  should 
be  used  in  a  paiticular  case  is  often  a  matter  of  fancy.  The  sub- 
joined account  of  the  principal  kinds  will  at  the  same  time  bring  to 
view  the  connection  between  them. 

382.  The  principal  kinds  of  indefinite  inflorescence  which  have 
received  distinctive  names  are  the  Rcuseme^  the  Corymh,  the  Umbely 
the  Spike,  the  Head,  the  Spadix,  the  Catkin,  and  the  Panicle* 

[FIG.  S06.    A  flowering  bxanch  of  Mooeywort,  Lydmachia  nampiularia. 
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•  883.  Before  illustrating  these,  one  or  two  termd,  of  common  oo- 
eurrence,  may  be  defined.  A  flower  which  has  no  stalk  to  support 
it,  but  which  sits  directly  on  the  stem  or  axis  it  proceeds  from,  is 
said  to  be  sessile*  If  raised  on  a  stalk,  this  is  called  its  Peduncle. 
If  the  whole  flower-cluster  is  raised  on  a  stalk,  this 
keeps  the  name  of  peduncle,  or  common  peduncle  (Fig. 
307,  p)  ;  and  the  stalk  of  each  particular  flower,  if  it 
have  any,  takes  the  name  of  Pedicel  or  partial 
peduncle  (/>')•  "^^^  portion  of  the  general  stalk  along 
which  flowers  are  disposed  is  called  the  axis  of  in- 
florescence, or,  when  covered  with  sessile  flowers,  the 
rhachis  (backbone),  and  sometimes  (as  when  thick 
and  covered  with  crowded  flowers)  the  receptacle. 
The  leaves  of  a  flower-cluster  generally  are  termed 
Bracts.  But  when  we  wish  particularly  to  distin- 
guish their  sorts,  those  on  the  peduncle,  or  main  axis, 
and  which  have  a  flower  in  their  axil,  take  the  name 
of  Bracts  (Fig.  307,  b)  ;  and  those  on  the  pedicels  or 
partial  flower-stalks,  if  any,  that  of  Bractlets  or 
Bracteoles  {b').  The  bracts  are  often  reduced  to 
a  minute  size,  so  as  to  escape  ordinary  notice :  they 
very  frequently  fall  off  when  the  flower-bud  in  their 
axil  expands,  or  even  earlier ;  and  sometimes,  as  in 
the  greater  part  of  the  Mustard  family,  they  altogether  *" 

fail  to  appear. 

384.  A  Raceme  (Fig.  307,  308,  315)  is  that  form  of  flower-cluster 
in  which  the  flowers,  each  on  their  own  footstalk  or  pedicel,  are 
arranged  along  a  common  stalk  or  axis  of  infloresence ;  as  in  the 
Liily  of  the  Valley,  Currant,  Choke-Cherry,  Barberry,  &c.  The 
lowest  blossoms  of  a  raceme  are  of  course  the  oldest,  and  therefore 
open  first,  and  the  order  of  blossoming  is  ascending,  from  the  bot- 
tom to  the  top.  The  summit,  never  being  stopped  by  a  terminal 
flower,  may  go  on  to  grow,  and  often  does  so  (as  in  the  Snowberry, 
Shepherd's  Purse,  &c.),  producing  lateral  flowers  one  afler  another 
throughout  the  season.  In  the  raceme,  the  axis  of  inflorescence  is 
xnore  or  less  elongated,  and  the  pedicels  are  about  equal  in  length. 

385.  A  Corymb  (Fig.  309,  319)  is  the  same  as  a  raceme,  except 
that  the  lower  pedicels  are  elongated,  so  as  to  form  a  level-topped  or 
slightly  convex  bunch  of  flowers  ;  as  in  the  Hawthorn,  &c. 

710.  907.    A  Raoeme,  with  a  general  peduncle  (p),  pedieels  (p'))  bracts  (6),  and  bractlets  (6'). 
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866.  ll  UnM  (Fig.  310)  dHTers  from  a  corymb  only  in  tumng 
all  the  pedicels  arising  from  the  same  apparent  ptnnt,  eo  as  to  resem* 
ble  the  rays  of  an  umbrella; — the  general  peduncle,  in  this  case, 
bearing  eeTeral  flowers  wilhoat  any  perceptible  elongation  of  the 


axis  of  iniloresence.  The  Primrose  and  the  Milkweed  afford 
fomiliar  examples  of  the  simple  ambeL 
887.  A  coiymb  being  evidently  the  same  as  a  raceme  witli  a 
short  main  axis,  and  an  umbel  the  same 
as  a  corymb  with  a  slitl  shorter  axis, 
it  is  evident  that  the  outer  flowers  of 
an  umbel  or  corymb  correspond  to  the 
lowermost  in  the  raceme,  and  that  these 
will  first  expand,  the  blossoming  pro- 
ceeding regularly  from  the  base  to  the 
apex,  or  (which  is  the  same  thing)  from 
the  (^umferencfl  to  the  centre.  This 
mode  of  development  imiformly  takes 
place  when  the  flowers  arise  from  axil- 
lary buds ;  on  which  account  the  indefi- 
nite mode  of  inflorescence  is  also  called 
the  centripetaL 

388.  In  all  the  foregoing  cases,  tbe 
flowers  are  raised  on  stalks,  ot  pedicels. 
When  these  are  wanting,  or  so  short  as 
ttt  111  not  to  be  apparent,  a  J^ptJix  or  ffrnd  is 

produced. 
389.  ji  Spik^  is  the  same  as  the  raceme,  except  that  the  flowers 
e  sessile  ;  as  in  the  Plantun  (Fig.  311)  and  Mullein.     Itis  an  in- 
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deteiminale  infloresence,  wi(h  the  primary  axis  elongated,  and  the 
flowers  deslitiKe  of  pedicels  or  with  only  very  short  wies.  Two 
varieties  of  the  spike  have  received  independent  names,  viz.  the 
Spadix  and  the  Ament. 

390.  A  Spidll  is  a  fleshy  spike  enveloped  hy  a  large  bract  or  mod- 
ified leaf,  called  a  Spathb,  aa  in  Calla  palugtris  (Fig.  313),  the 
Indian  Tuniip  (Fig.  314),  and  the  Skunk  Cabbage  (Fig.  1205). 


391.  An  Imtnl,  or  Catkin,  is  merely  that  kind  of  spike  with  scaly 
bracts  borne  by  the  Birch  (Fig.  812),  Poplar,  Willow,  and,  as  to  one 
of  the  two  sorts  of  flowers,  by  the  Oak,  Walnut,  and  Hickory,  which 
are  accordingly  called  amentcteeoiu  treet.  Calkins  usually  fall  off 
in  one  piece,  after  flowering  or  fruiting,  especially  sterile  catkins. 

392.  The  Head,  or  CipitDlnm,  is  a  globular  cluster  of  sessile  flowers, 
like  that  of  Clover,  the  Button-Bush  (Fig.  320),  and  the  balls  of  the 
Buttonwood  or  Plane-free.  It  is  a  many-flowered  centripetal  in- 
florescence, in  which  neither  the  primary  axis  nor  the  secondary 
axes  are  at  all  lengthened.  We  may  view  it  either  as  an  umbel 
without  any  pedicels,  or  aa  a  spike  with  a  very  short  axis.  Gen- 
erally it  is  of  the  latter  character,  as  is  evident  in  a  CloverJiead, 
where  what  was  first  a  head  frequently  elongates  into  a  spike  as  it 
grows  older. 
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393.  The  bnse  bolh  of  the  head  and  the  umbel  is  frequently  Air- 
nished  with  a  number  of  imperfect  leaves  or  bracts,  crowded  into  a 


cluster  or  whorl,  tenned  an  Involucre.    The  involucre  a 

great  variety  of  forma ;  sometimes  resembling  a  calyx ;  and  some- 


na.  830.  Hc>d  or  flom 

FIO.  Sa.  PUntorCorni 

Boiren.    ffl2.  A  separate  I 

FIO.  323.    Flowering  br 
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times  (as  in  Comus  Florida,  or  the  common  Dogwood,  and  C  Cana- 
densis, Fig.  321)  becoming  petal-like,  and  much  more  showy  than 
the  blossom  itself.  Here  it  is  at  once  distinguished  from  (he  calyx 
or  corolla  by  its  including  a  number  of  flowers.  Sometimes,  how- 
ever, as  in  the  Mallow  and  Hibiscus,  the  involucre  forma  a  kind 
of  outer  calyx  to  each  flower. 

394.  The  axis,  or  rhachis  (382),  of  a  head  is  called  its  Recep- 
tacle.    Frequently,  instead  of  being  glohuliir  or  oblong,  it  is  flat  or 
depressed,  and  dilated  horizontally,  so  as  to  allow  a  lar^e  number  of 
flowers  to  stand  on  its  level  or  merely  convex  surface ;  as  in  the  Sun- 
flower, Aster,  Marigold,  Dandelion,  and  Ochory  (Fig.  323).     Here, 
as  in  Fig.  321,  a  set  of  bracts  form  an  involucre,  surrounding  the 
dense  head  of  flowers.     And  as  the  involucre  considerably  resembles 
a.  calyx,  while  the  outer  flowers,  often  of  a  peculiar  sort,  are  readily 
mistaken  for  petals,  the  head  in  these  and  similar  plants  was  called 
a   compound  Jlotoer  by  the 
older  botanists.  Fig,324rep- 
resents  a  section  through  & 
head  of  such  flowers  in  a  Co- 
reopsis; andFig.325jsaslice 
of  the  same,  more  enlarged, 
displaying  some  of  the  sepa- 
rate flowers.     In  Coreopsis, 

OS  in  the  Sunflower,  Tarrow,  sx 

&c,  each  blossom  of  the  head  is  subtended  by  its  bract  (5) ;  and 
the  braots  in  such  cases  arc  called  Paiea  or  Chaff. 


395.  The   Fig  presents  a  case  of  very  singular  inflorescence 

Coreopsis. 
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(Fig.  590-592),  where  the  flowers  apparently  occupy  the  inside 
instead  of  the  outside  of  the  axis,  heing  enclosed  within  .the  fleshy 
receptacle,  which  is  hollow  and  nearly  closed  at  the  top.  So  that 
wjiile  a  Sunflower,  or  the  like,  is  an  inflorescence  imitating  a  hlos- 
8om,  a  flg  is  an  inflorescence  imitating  a  fruit.  Indeed,  it  is  much 
like  a  mulberry  (Fig.  593)  or  a  pineapple,  turned  inside  out. 

896.  The  foregoing  are  all  forms  of  simple  inflorescence ;  the 
ramification  not  passing  beyond  the  first  step ;  the  lateral  buds  being 
at  once  terminated  by  a  single  fiower.  But  the  lateral  flower- 
stalks  may  themselves  branch,  just  as  ordinary  branches  give  rise 
to  branchlets :  then  the  inflorescence  becomes  compound.  If  the 
branches  of  a  raceme  are  prolonged,  and  bear  other  flowei*s  on  pedi- 
cels similarly  arranged,  a  compound  raceme  is  produced ;  or  if  the 
flowers  are  sessile,  a  compound  tpike  is  formed.  A  corymb,  the 
branches  of  which  are  similarly  divided,  forms  a  compound  corymb  ; 
and  an  umbel,  where  the  branches  (often  called  rays)  bear  smaller 

umbels  at  their  apex,  is  termed  a  compound  um- 
bel ;  as  in  the  Caraway,  Parsnip,  and  almost  all 
the  species  of  the  family  Umbelliferae,  which  is 
so  named  on  this  account. 

897.  For  these  secondary  umbels,  a  good  Eng- 
lish name  has  been  employed  by  Dr.  Darlington, 
that  of  Umbellets.  Their  involucre,  when 
they  have  any,  is  distinguished  from  that  of  the 
principal  umbel  by  the  name  of  Involucel. 

898.  When  the  inflorescence  is  compound,  it  is 
readily  seen  that  the  diflerent  kinds  of  inflores- 
cence may  be  combined;  the  first  ramification 
following  one  plan,  and  the  subdivision  another. 
The  combination  is  usually  expressed  by  a  de- 
scriptive phrase,  as  ^spikes  racemose,  or  ra- 
cemed,"  "  heads  corymbose,"  &c.  The  combina* 
tion  of  the  raceme  and  the  corymb  or  the  cyme 
gives  rise  to  a  form  of  inflorescence  which  has  a 
technical  name,  viz. :  — 

899.  The  Panielf.  This  is  formed  when  the 
secondary  axes  of  a  raceme  branch  in  a  corymbose  manner,  as  in 
most  Grasses  (Fig.  318, 326),  or  when  those  of  a  corymb  divide  in  the 
manner  of  a  raceme.     And  the  name  is  applied  to  almost  any  open 

FIG.  826.    A  panielA.    (Gompaiv  with  Fig.  807.) 


DETERMINATE   INFLOBESCENCE. 


217 


and  more  or  less  elongated  inflorescence  which  is  irregularly  branched 
twice,  thrice,  or  a  greater  number  of  times. 

400.  A  Tbyrsos,  or  Thy rse,  is  a  compact  panicle  of  a  pyramidal,  oval, 
or  oblong  outline  ;  such  as  the  cluster  of  flowers  of  the  Lilac  and 
Horsechestnut,  a  bunch  of  grapes,  &c. 

401.  Defioite  or  DetermiaBte  lofloreseence.    In  this  class,  the  flowers 

all  represent  terminal  buds  (380).  The  primary  axis  is  directly 
terminated  by  a  single  flower-bud,  as  in  Fig.  327,  and  its  growth 
is  of  course  arrested.  Here  we  have  a  solitaiy  terminal  flower. 
Further  growth  can  take  place  only  by  the  development  of  secondary 
axes  from  axillary  buds.  These  may  develop  at  once  as  peduncles, 
or  as  leafy  branches ;  but  they  ai^e  in  either  case  arrested,  sooner  or 
later,  by  a  flower-bud,  just  as  the  primary  axis  was  (Fig.  328).  If 
further  development  ensues,  it  is  by  the  production  of  branches  of  the 
third  order,  from  the  axils  of  leaves  or  bracts  on  the  branches  of  the 
second  order  (Fig.  329)  ;  and  so  on.  Hence  this  mode  of  inflo- 
rescence is  said  to  be  definite  or  determinate,  in  contradistinction  to 
ihe  indeterminate  mode,  already  treated  of,  where  the  primary  or 
leading  axes  elongate  indefinitely,  or  merely  cease  to  grow  from  the 
failure  of  nourishment,  or  some  other  extrinsic  cause.  The  most 
common  and  most  regular  cases  of  determinate  inflorescence  occur  in 
opposite-leaved  plants,  for  obvious  reasons ;  and  such  are  accordingly 
chosen  for  the  subjoined  illustrations.  But  the  Bose,  Potentilla,  and 
Buttercup  furnish  fluniliar  examples  of  the  kind  in  alternate-leaved 
plants. 


402.  The  determinate  mode  of  inflorescence  assumes  forms  which 
may  closely  imitate  those  of  the  indeterminate  kind,  already  de- 
scribed, and  with  which  they  have  been  confounded.  When,  for  ex- 
ample, all  the  secondary  axes  connected  with  the  inflorescence  are 
ai*rested  by  terminal  flowers,  without  any  onward  growth  except 

riQ.  827  -  229.    XMagnmi  of  regular  fornu  of  dstenninate  or  oeotrifogal  infioxocenM. 
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what  fonns  their  footstalks  or  pedicels,  and  these  are  nearly  eqaal  in 
length,  a  raceme-like  inflorescence  is  produced,  as  in  Fig.  330 ;  or 
when  the  flowers  have  scarcely  any  pedicels,  the  spike  is  imitated. 
These  are  distinguished  fix>m  the  true  raceme  and 
spike,  however,  by  the  reverse  order  of  development 
of  the  blossoms ;  the  terminal  one  opening  earliest,  and 
the  others  expanding  in  succession  from  above  down- 
wards ;  while  the  blossoming  of  the  raceme  proceeds 
from  below  upwards.     Or  when,  by  the  elongation  of 
the  lower  secondary  axes,  a  corymb  is  imitated,  the 
flowers  are  found  to  expand  in  succession  from  the 
I  p  centre  of  each  ramification,  beginning  in  the  centre  o{ 

wr  ^^®  cluster,  while  the  contrary  occurs  in  the  corymb. 

That  is,  while  the  order  in  indeterminate  inflorescence 
is  centripetal  (387),  that  of  the  determinate  mode  is 
centrifugal.  When  the  determinate  inflorescence  as- 
sumes the  flattish  or  convex  form,  which  it  more  com- 
monly does,  it  has  a  distinctive  name,  viz. :  — 

403.  The  C)inf .  This  is  a  flat-topped,  rounded  or  expanded  in- 
florescence, whether  simple  or  compound,  of  the  determinate  class  ; 
of  which  those  of  the  Laurustinus,  Elder,  Dogwood,  and  Hydrangea 
(Fig.  420)  are  ftilly  developed  and  characteristic  examples.  In  com- 
pound and  compact  cymes,  such  as  those  of  the  Laurustinus,  Dogwood, 
&c.,  the  leaves  or  bracts  are  usually  minute,  rudimentary,  or  abor- 
tive, and  all  the  numerous  flower-buds  of  the  cluster  are  fully  formed 
before  any  of  them  expand  ;  and  the  blossoming  then  runs  through 
the  whole  cluster  in  a  short  time,  conmiencing  in  the  centre  of  the 
cyme,  and  then  in  the  centre  of  each  of  its  branches,  and  thence  pro- 
ceeding centrifugally.  But  in  the  Chick  weeds  (Fig,  331),  in  Hy- 
pericum, and  many  similar  plants,  the  successive  production  of  the 
branches  and  the  evolution  of  the  flowers,  beginning  with  that  which 
arrests  the  growth  of  the  primary  axis,  go  on  gradually  through  the 
whole  summer,  until  the  powers  of  the  plant  are  exhausted,  or  until 
all.  the  branchlets  or  peduncles  are  reduced  to  single  intemodes,  or 
pedicels  destitute  of  leaves,  bracts,  or  bractlets,  when  no  further  de- 
velopment can  take  place.  Such  cases  enable  us  to  study  the  detei^ 
minate  inflorescence  to  advantage,  and  to  follow  the  successive  steps 
of  the  ramiflcation  by  direct  observation. 

404.  A  Cymnlf  ( Cyrmda)  is  a  diminutive  cyme,  or  a  branch  or 
cluster  of  a  compound  cyme. 

FIG.  830.    Definite  inflorescence  imiUtiog  ft  raoeme. 
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'  405.  The  Fascicle  is  a  very  compact  cyme,  with  upright  or  ap- 
pressed  branches  ;  as  in  the  Sweet  William. 

406.  A  Glomcrnlc  is  a  cyme  condensed  into  a  kind  of  head.    It  is 
to  the  cyme  what  the  head  is  to  the  corymb  or  umbel. 


407.  There  are  several  abnormal  modifications  of  definite  inflo- 
rescence, arising  from  irregular  development,  or  the  suppression  of 
parts,  such  as  the  non-appearance  sometimes  of  the  central  flower, 
or  oi^en  of  one  of  the  lateral  branches  at  each  division ;  as  in  the 
ultimate  ramifications  of  Fig.  831,  where  one  of  the  lateral  pedicels 
is  wanting.  When  this  deviation  is  completely  manifested,  that  is, 
when  one  of  the  side  branches  regularly  fails,  the  cyme  is  apparently 
converted  into  a  kind  of  onesided  raceme,  and  the  flowers  seem  to 
expand  from  below  upwards,  or  centripetally.  The  diagram.  Fig. 
332,  when  compared  with  Fig.  331,  explains  this  anomaly.  The 
place  of  the  axillary  branch  which  fails  to  develop  at  each  ramifica- 
tion is  indicated  by  the  dotted 
lines.  Cases  like  this  occur 
in-  several  Hypericums,  and 
in  some  other  opposite-leaved 
plants.  An  analogous  case  oc- 
curs in  many  alternate-leaved 
plants  ;  where  the  stem,  being 
terminated  by  a  flower,  is  con- 
tinued by  a  branch  from  the 
axil  of  the  uppermost  leaf  or 
bract;  this,  bearing  a  flower, 
is  similarly  prolonged  by  a  secondary  branch ;  that  by  a  third,  and 
so  on ;  as  is  shown  in  the  diagram.  Fig.  333.      Such  forms  of  inflo- 


FIG   831.    The  op<>n,  progresf  iTely  dereloped  cyme  of  Alsine  Michaaxit. 
no   832,  833.    PUiu  of  two  uodiflciitioai  of  belicold  cymea  or  fklM  tuceimw. 
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rescence,  which  we  may  observe  in  Drosera,  Sedum^  and  Hounds- 
tongue,  imitate  the  raceme  so  nearly,  that  they  have  commonly  been 
considered  as  of  that  kind.  Tliey  are  distinguishable,  however,  by 
the  position  of  the  flowers  opposite  the  leaf  or  bract,  or  at  least  out 
of  its  axil ;  while  in  the  raceme,  and  in  every  modification  of  cen- 
tripetal inflorescence,  the  flowers  necessarily  spring  from  the  axils. 
But  if  the  bracts  disappear,  as  they  commonly  do  in  the  Forget-me- 
not,  &C.,  the  true  nature  of  the  inflorescence  is  not  readily  made  out* 
The  undeveloped  summit  is  usually  circinate,  or  coiled  in  a  spiral 
manner  (Fig.  219),  gitidually  unrolling  as  the  flowers  grow  and 
expand,  and  becoming  straight  in  fruit  On  account  of  this  coiled 
arrangement,  such  cymes  or  false  i*acemes  are  said  to  be  heltcotdy 
or  scorpioid. 

408.  The  cyme,  raceme,  head,  «Scc.,  as  well  as  the  one-flowered 
peduncle,  may  arise,  either  at  the  extremity  of  the  stem  or  leafy 
branch  (terminal),  or  in  the  axil  of  the  leaves  (axiUary),  The  case 
of  a  peduncle  opposite  a  leaf,  as  in  the  Poke,  the  Grape-vine,  &c*,  is 
just  tliat  illusti*ated  in  Fig.  333,  except  that  in  these  cases  the  peduncles 
bear  a  cluster  of  flowers  instead  of  a  single  one.  The  tendrils  of 
the  Vine  (Fig.  161)  occupy  the  same  position,  and  are  of  the  same 
nature.  In  a  growing  Grape-vine,  it  is  evident  that  the  uppermost 
tendril  really  terminates  the  stem ;  and  that  the  latter  is  continued 
by  the  growth  of  the  axillary  bud,  situated  between  the  petiole  and 
the  peduncle ;  the  branch  thus  formed,  assuming  the  direction  of  the 
main  stem,  and  appearing  to  be  its  prolongation,  throws  the  peduncle 
or  tendril  to  the  side  opposite  the  leaf. 

.  409.  The  extra-axillary  peduncles  of  most  species  of  Solanum,  &c. 
are  terminal  peduncles,  which  have  become  lateral  by  the  evolution 
of  an  axillary  branch,  with  which  the  peduncle  or  the  petiole  is 
united  for  some  distance.  Such  peduncles  sometimes  come  from 
extra-axillary  accessory  buds  (169). 

410.  In  the  Linden  (Fig.  742)  the  peduncle  appears  to  spring 
from  the  middle  of  a  peculiar  foliaceous  bract.  But  this  is  rather 
a  bractlet,  inserted  on  the  middle  of  the  peduncle,  and  decuiTent 
down  to  its  base. 

411.  A  peduncle  which  arises  from  the  stem  at  or  beneath  the 
surface  of  the  ground,  as  in  Bloodixwt,  the  Primrose,  the  so-called 
stemless  Violets,  &c.,  is  called  a  radical  peduncle^  or  a  Scape. 

412.  A  combination  of  the  two  classes  of  inflorescence  is  not  un- 
usual, the  general  axis  developing  in  oue  way,  but  the  separate 
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flower-clusters  in  the  other.  Thus  the  heads  of  the  Sunflower  and 
of  all  the  so-called  compound  flowers  (394)  are  centnpettdj  the 
flowers  expanding  regularly  from  the  margin  or  circumference  to  the 
centre  ;  while  the  branches  that  bear  the  heads  are  developed  in  the 
centrifugal  mode,  the  central  heads  being  earliest  to  come  into  blas- 
som.  This  is  exactly  revei-sed  in  all  Labiatas  (plants  of  the  Mint 
tribe) ;  where  the  stem  grows  on  indeflnitely,  producing  axillaiy 
clusters  in  the  form  of  a  general  raceme  or  spike,  which  blossoms 
from  below  upwards ;  while  the  flowers  of  each  cluster  form  a  cyme, 
and  expand  in  the  centrifugal  manner.  These  cymes,  or  cymrdes 
(404),  are  usually  close  and  compact,  and  being  situated  one  in  each 
axil  of  the  opposite  leaves,  the  two  together  frequently  form  a  clus- 
ter which  surrounds  the  stem,  like  a  whorl  or  verticil  (as  in  the 
Catnip  and  Horehound)  :  hence  such  flowers  are  often  said  to  be 
whorled  or  verttcillcUe,  which  is  not  really  the  case,  as  they  evidently 
all  spring  from  the  axils  of  the  two  leaves.  The  apparent  verticil 
of  this  kind  is  sometimes  termed  a  Yerticillaster. 

413.  True  whorled  flowers  occur  only  in  some  plants  with  whorled 
leaves,  as  in  Hippuris  and  the  Water  MilfoiL 


CHAPTER    IX. 

OP   THE   FLOWER. 

Skct.  I.    Its  Organs,  or  Compothsnt  Parts. 

414.  Having  glanced  at  the  circumstances  which  attend  and  con- 
trol the  production  of  flowers,  and  considered  the  laws  which  govern 
their  arrangement,  we  have  next  to  inquire  what  the  flower  is  com- 
posed of. 

415.  The  Flower  (117)  assumes  an  endless  variety  of  forms  in 
different  species,  so  that  it  is  very  diflicult  properly  to  deflne  it. 
The  name  was  earliest  applied,  as-  it  is  still  in  popular  language 
generally  applied,  to  the  delicate  and  gayly  colored  leaves  or  petals, 
so  different  from  the  sober  green  of  the  foliage.  But  the  petals, 
and  all  these  bright  hues,  are  entirely  wanting  in  many  flowers, 
while  oi'dinary  leaves  sometimes  assume  the  brilliant  coloring  of  tha 
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blossom     The  stamens  and  pistils  are  the  c1iaractel*istie  organs  of 
the  flower ;  but  sometimes  one  or  the  other  of  these  disappear  from 

a  particular  flower,  and  both  are  absent  from 
full  double  Rosesy  Camellias,  &c^  in  which  we 
have  only  a  regular  rosette  of  delicate  leaves. 
This,  however,  is  an  unnatuitd  state,  the  conse- 
quence of  protracted  cultivation. 

416-  The  flower  consists  of  the  organs  of  re- 
production of  a  Phtenogamous  plant  (114),  and 
their  envelopes.  A  complete  flower  consists  of 
the  essential  organs  of  reproduction  (viz.  stamens 
and  pistils),  sunx)unded  by  two  sets  of  leaves 
or  envelopes  which  protect  them.  The  latter 
ai*e  of  course  exterior  or  lower  tlian  the  former, 
which  in  the  bud  they  enclose. 

417.  The  Floral  Euvelopes,  Uien,  are  of  two 
sorts,  and  occupy  two  circles,  one  above  or 
witliin  the  other.  Those  of  the  lower  circle,  the  exterior  envelope 
in  the  flower-bud,  form  the  Calyx:  they  commonly  exhibit  the 
green  color  and  have  much  the  appear- 
ance of  ordinary  leaves.  Those  of  the 
inner  circle,  which  are  commonly  of  a 
more  delicate  texture  and  brighter  color, 
and  form  the  most  showy  part  of  the 
blossom,  coinpose  the  Corolla.  The 
several  parts  or  leaves  of  the  coix)lla  are 
called  Petals  :  and  the  leaves  of  the 
calyx  take  the  corresponding  name  of  Sepals.  One  of  the  five 
sepals  of  the  flower  represented  in  Fig.  334  is  separately  shown  in 
Fig.  336  ;  and  one  of  the  petals  in  Fig.  337.  The  calyx  and  corolla, 
taken  together,  or  the  whole  floi^  envelopes,  whatever  they  piay  con- 
sist of,  are  sometimes  called  the  Perianth  {Perianthium  or  Pen- 
ffonium). 

418.  The  Essential  Organs  of  the  flower  are  likewise  of  two  kinds, 
and  occupy  two  cii*cles  or  rows,  one  within  the  other.    The  first  of 


FIG.  834.  The  complete  flower  of  a  Crassnla  335.  Diagram  of  iU  crora-seetton  in  the  bud, 
showing  the  relatiye  position  of  its  parte.  The  flye  pieces  of  the  exterior  circle  are  sections  of 
the  sepals ;  the  next,  of  the  petals ;  the  third,  of  the  stamens  through  their  anthers ;  the  in- 
nermost, of  the  fire  pistils. 

'  FIG.  836.    A  sepal  ]  337,  a  petal ;  333,  a  stamen  )  and  839,  a  pistil  from  the  flower  repre* 
•anted  hi  Fig  834. 
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these,  those  next  within  the  petals,  are  the  Stameks  {Fig.  838), 
A  Btamen  consists  of  a  column  or  stalk,  called  the  Filau iwt  (Fig. 
340,  a),  and  of  a  rounded  body,  or  case,  termed  the  An- 
ther (6),  filled  with  a  powdery  substance  called  FoL-        ^^ 
LEiT,  which  it  discbarges  through  one  or  more  slits  or        ~\^ 
openings.     The  older  botanists  had  no  general  term  for         '    % 
the  Blamens  taken  collectifely,  analogous  to  that  of  corolla  ft 

for  the  entire  whorl  of  petals,  and  of  calyx  for  the  whorl  \\ 

of  sepals.     A  name  has,  however,  recently  been  pro-  vi 

posed  for  the  tiaminate  »yttem  of  a  flower,  which  it  is 
occasionally  convenient  to  use  ;  that  of  AN'DR<£Cit.'>i. 

419.  The  remaiaing,  or  seed-bearing  organs,  which  occupy  the 
(%ntre  or  summit  of  the  flower,  to  whose  protection  and  perfection 
all  the  other  parts  of  the  flower  are  in  some  way  subservient,  are 
termed  the  Pistii-s.     To  them  collectively  the  name  of  Gtn^civji 
has  been  applied.     One  of  them  is  separately  shown  in  Fig.  339. 
This  b  seen  more  magnified  and  cut  across  in  Fig.  342  ;  and  a  dif- 
ferent one,  longitudinally  divided, 
so  as  to  exhibit  the  whole  length 
of  its  cavity,  or  c«2,  is  represent- 
ed in  Fig.  341. 

420.  A  pistil  is  distinguished 
'  into  three  parts ;  namely,  the 
OvARr  (Fig.  341,  a),  the  hoUow 
portion  at  the  base  which  con- 
tains the  OviTLES,  or  bodies  des- 
tined to  become  seeds ;  the  Sttle 
(J),  or  columnar  prolongation  of  the  apex  of  the 
ovary;  and  the  Stigma  (c),  a  portion  of  the  sur- 
face of  the  style  denuded  of  epidermis,  sometimes 
a  mere  point  or  a  small  knob  at  the  apex  of  the 
style,  but  often  forming  a  single  or  double  line 
running  down  a  part  of  its  inner  face,  and  assum- 
ing a  great  diversity  of  appearance  in  different 
plants. 

no.  840>    Aitug«,iiUhUH>DUwr(»)dlHfauglDKlUp(iIhn:B,  thafllMiotTit. 

FTO  841.    VertScal  mtion  of  a  plallL,  thowlQi;  Um  LDtarlor  dT  lu  oTsry,  a,  to  one  aid*  oT 

FIO.  811.  A  PMII  ot  Cnumls,  Uki  that  of  Fig.  839,  but  man  mignllM,  Hod  ml  tciat 
Umneh  lb«  otut,  Io  ibow  \Xa  cell,  ul  the  OTUlei  <t  eontaloi.  At  ths  summit  of  tb*  style  ii 
nen  KsoiDeirtiaC  pKplllon  podJon,  desCllal*  of  c^demta,  sxtsodiDE  >  UtUe  war  <Idwii  the  In- 
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42t.  All  the  oipins  of  the  flower  are  siluated  on,  or  grow  out  of, 
the  apex  of  the  flower-stalk,  into  which  they  are  said,  in  botanii^  Ian- 
gun^,  to  be  interted,  and  which  is  called  the  Torus,  or  Kgcrpta.cle. 
Thi^  is  the  axis  of  the  flower,  to  which  the  floral  organs  are  nttached 
(just  as  leaves  are  to  the  stem)  ;  the  calyx  at  its  very  baie ;  the 
petals  just  within  or  above  the  calyx  ;  the  stamens  just  within  the 
petals  ;  and  the  pistils  within  or  above  the  stamens  (Fig.  343). 

t      ,  422.  Such  is  the  struct- 

ure of  a  complete  and  regu- 
lar flower ;  which  we  take 
as  the  t^pe,  or  standard  of 
comparison.  The  calyx 
and  corolla  are  termed  pro- 
leclinff  organa.  In  the  bud, 
they  envelope  the  other 
parts :  the  calyx  Eoraetimes 
forms  a  covering  even  for 
the  fruit ;  and  when  it  retains  its  leaf-like  texture  and  color,  it  as- 
similates the  sap  of  the  plant  with  the  evolution  of  oxygen  gas,  in 
the  same  manner  as  do  true  leaves :  the  corolla  elaboi-ates  honey  or 
other  secretions,  for  the  nourishment,  as  is  supposed,  of  the  stamens 
and  pistils.  Neither  the  calyx  nor  corolla  is  essential  to  a  flower, 
one  or  both  being  not  unfrequently  wanfing.  The  stamens  and  pis- 
tils are,  however,  ettfntial  organt,  since  both  are  necessary  to  the 
production  of  seed.  But  even  these  are  not  always  both  present  in 
the  very  same  flower  ;  as  will  be  seen  when  we  come  to  notice  the 
diverse  forms  which  the  blossom  assumes,  and  to  compare  them  with 
our  pattern  flower. 


Sect.  IL     The  Theoretical  Structure  or  Gknesal  Moa- 

PHOLOOr  OF  THE  FlOWEK. 

423.  To  obtain  at  the  outset  a  correct  idea  of  the  flower,  it  is 
needfiil  here  to  consider  the  relation  which  its  organs  sustain  to  the 
organs  of  vegetation.  Taking  the  blossom  as  a  whole,  we  have 
recognized,  in  the  chapter  on  Inflorescence  (377),  the  identity  of 
flower-buds  and  leaf-buds  as  to  situation,  &c     Flowers,  consequently, 

FIO.  S4S.    PatM  of  the  flow«r  of  *  Stomemp,  Sednm  U 
ractpCicle,  diiplAysd :  a,  KpiJ  -.  bt  petal :  <,  lUmm :  d^  pla 
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are  at  least  analogous  to  branches,  and  the  leavers  of  the  flower  are 
analogous  to  ordinary  leaves. 

424.  But  the  question  which  now  anses  is,  whether  the  leaves  of 
the  stem  and  the  leaves  and  the  more  peculiar  organs  of  the  flower 
are  not  homologous  parts,  that  is,  parts  of  the  same  fundamental 
nature,  although  developed  in  different  shapes  that  they  may  sub- 
serve different  offices  in  the  vegetable  economy  ; — just  as  the  arm 
of  man,  the  fore-leg  of  quadrupeds,  the  wing-like  fore-leg  of  the  bat, 
the  true  wing  of  birds,  and  even  the  pectoral  fin  of  fishes,  all  repre- 
sent one  and  the  same  organ,  although  developed  under  widely  dif- 
ferent forms  and  subservient  to  more  or  less  different  ends.  The 
plant  continues  for  a  considerable  time  to  produce  buds  which  de- 
velop into  branches.  At  length  it  produces  buds  which  expand  into 
blossoms.  Is  there  an  entirely  new  system  introduced  when  flowers 
appear  ?  Are  the  blossoms  formed  upon  such  a  different  plan,  that 
the  genei'al  laws  of  vegetation,  which  have  sufficed  for  the  interpre- 
tation of  all  the  phenomena  up  to  the  inflorescence,  are  to  afford  no 
further  clew  ?  Or,  on  the  contrary,  now  that  peculiar  results  are  to 
be  attained,  are  the  simple  and  plastic  organs  of  vegetation  —  the 
stem  and  leaves  —  developed  in  new  and  peculiar  forms  for  the  ac- 
complishment of  these  new  ends  ?  The  latter,  doubtless,  is  the  cor- 
rect view.  The  plant  does  not  produce  essentially  new  kinds  of 
organs  to  fulfil  the  new  conditions,  but  adopts  and  adapts  the  old. 
Notwithstanding  these  new  conditions  and  the  successively  increas- 
ing diflerence  in  appearance,  the  fundamental  laws  of  vegetation 
may  be  traced  from  the  leafy  branch  into  and  through  the  flower. 
That  is,  the  parts  of  the  blossom  are  homologous  with  leaves,  are 
leaves  in  other  forms  than  that  of  foliage. 

425.  The  student  will  have  observed,  that  in  vegetation  no  new 
organs  are  introduced  to  fulfil  any  particular  condition,  but  the  com- 
mon elements,  the  root,  stem,  and  leaves,  are  developed  in  peculiar 
and  fitting  forms  to  subserve  each  special  purpose.  Thus,  the  same 
organ  which  constitutes  the  stem  of  an  herb,  or  the  trunk  of  a  tree, 
-we  veco^ize  in  the  trailing  vine,  or  the  twiner,  spirally  climbing 
other  stems,  in  the  straw  of  Wlieat  and  other  Grasses,  in  the  colum- 
nar trunk  of  the  Palm,  in  the  flattened  and  jointed  Opuntia,  or 
I^rickly  Pear,  and  in  the  rounded,  lump-like  body  of  the  Melon- 
Cactus.  So,  also,  branches  harden  into  spines  in  the  Thorn,  or,  by 
axi  opposite  change,  become  flexible  and  attenuated  tendrils  in  the 
Vine,  and  runners  in  the  Strawberry ;  or,  when  developed  under 
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ground,  they  assume  the  aspect  of  creeping  roots,  and  sometimes 
form  thickened  rootstalks,  as  in  the  Calamus  and  Solomon's  Seal,  or 
tubers,  as  in  the  Potato.  But  the  type  is  readily  seen  through 
these  disguises.  They  are  all  mere  modifications  of  the  stem.  The 
leaves,  as  we  have  already  seen,  appear  under  a  still  greater  variety 
of  forms,  some  of  them  as  widely  different  from  the  common  type  of 
foliage  as  can  be  imagined  ;  such,  for  example,  as  the  thickened  and 
obese  leaves  of  the  Mcsembryanthemums ;  the  intense  scarlet  or 
crimson  floral  leaves  of  the  Euchroma,  or  Painted-Cup,  of  the 
Poinsettia  of  our  consei-vatories,  and  of  several  Mexican  Sages ;  the 
tendrils  of  the  Pea  tribe ;  the  pitchei*s  of  Sarracenia  (Fig.  300), 
and  also  those  of  Nepenthes  (Fig.  301),  which  are  leaf,  tendril,  and 
pitcher  combined.  The  leaves  also  appear  under  very  diflPerent 
aspects  in  the  same  individual  plant,  according  to  the  purposes  they 
are  intended  to  subserve.  The  first  pair  of  leaves,  or  cotyledons, 
when  gorged  with  nutritive  matter  for  the  supply  of  the  earliest 
wants  of  the  embryo  plant,  as  in  the  Almond,  Bean,  Pea,  &c  (Fig. 
108-120),  would  seem  to  be  peculiar  organs.  But  in  some  of 
these  cases,  when  they  have  discharged  this  special  oflice  in  ger- 
mination, by  yielding  to  the  young  plant  the  store  of  nourishment 
with  which  they  ai*e  laden,  they  imperfectly  assume  the  color  and 
appearance  of  foliage ;  while  in  other  cases,  as  in  the  Convolvulus 
(Fig.  123)  and  the  Maple  (Fig.  104),  they  are  green  and  foliaceous 
from  the  first.  As  the  stem  develops,  the  successive  leaves  vary  in 
form  or  size,  according  to  the  varying  vigor  of  vegetation.  In  our 
trees,  we  trace  the  last  leaves  of  the  season  into  bud-scales ;  and  in 
the  returning  spring  we  may  oflen  trace  the  scales  of  opening  buds 
thi'ough  intermediate  states  back  again  into  true  leaves  (161). 

426.  The  analogies  of  vegetation  would  therefore  lead  us  to  ex- 
pect, that  in  flowering  the  leaves  would  be  wrought  into  new  forms, 
to  subsei-ve  peculiar  pui*poses.  In  the  chapter  on  Inflorescence,  we 
have  already  learned  that  the  arrangement  and  situation  of  flowers 
upon  the  stem  conform  to  this  idea.  In  this  respect,  flowers  are 
absolutely  like  branches.  The  aspect  of  the  floral  envelopes  favors 
the  same  view.  We  plainly  discern  tlie  leaf  in  the  calyx,  and 
again,  more  delicate  and  refined,  in  the  petals.  In  numberless  in- 
stancas,  we  find  a  regular  transition  from  ordinary  leaves  into  sepals, 
and  from  sepals,  into:  petals.  And,  while  evea  the  petals  are  occa- 
sionally gi*een  and  herbaceous,  the  undoubted  foliage  sometimes 
assumes  a  delicate  textui*e  and  the  brightest  hues  (425).    The  per- 
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feet  gradation  of  leaves  or  bracts  into  sepals  is  extremely  common. 
The  transition  of  sepals  into  petals  is  exemplified  in  almost  every 
case  where  there  are  more  than  two  rows  of  floral  envelopes  ;  as  in 
the  Magnolia,  and  eapedally  in  the  While  Water-Lily,  various  kinds 
of  Cactus,  the  Illicium,  or  Star-Anise  of  the  Southern  Slates,  and 
the  Calycanthus,  or  Carolina  Allitpice,  which  present  several  series 
of  floral  envelopes,  all  nearly  alike  in  color,  texture,  and  shape  ;  but 
how  many  of  the  innermost  are  to  be  called  petals,  and  how  the  re- 
mainder are  to  be  divided  between  sepals  and  brads,  is  entirely  a 
matter  of  arbitrary  opinion.     In  fact,  the  only  real  diflerence  be- 
tween the  calyx  and  corolla  is,  that  the  former  is  the  outer,  and  the 
latter  an  inner  series  of  floral  envelopes.     Sometimes  the  gradation 
extends  one  step  &rther,  and  exhibits  an  evident  transition  of  petals 
into  stamens ;   showing  that  these  are  of  the  same  fundamental 
nature  as  the  floral  envelopes,  which  are  manifestly  traceable  back 
to  leaves.    The  Whita  Water-Lily  (Fig.  Si4)  exhibits  thia  latter 
transition,  as    evi- 
dently as   it   does 
that  of  sepals  into 
petals.     Here  the 
petals  occupy  sev- 
eral   whorls ;    and 
while  the  exterior 
are   nearly  undis- 
tinguishable     from 
the  calyx,  the   in- 
ner are  reduced  ii^ 
to  oi^ans  which  are 
neither  well-formed 
petals  nor  stamens, 

but  inteniiediat«  be-  *" 

tween  the  two.  They  are  merely  petals  of  a  smaller  size,  with 
their  summits  contracted  and  transformed  into  imperfect  anthers, 
contuning  a  few  grains  of  poQen :  those  of  the  series  next  within 
are  more  reduced  in  sice,  and  bear  perfect  anthers  at  the  apex ;  and 
a  still  further  reduction  of  the  lower  part  of  the  petal  completes  the 
transition  into  ttamtaa  of  ordinarj  t^qjearanco. 

427.  By  regular  gradations,  therefore,  the  leaf  may  be  traced  to 

no.  3U.    A  Hptf .  petiili,  bodle*  MmndlKta  batvcn  p>tili  ud  lUmHii,  lal  tnt  it^ 
wma,  of  Ilia  WhIU  W*tap.UtT. 
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Uie  petal  and  the  fitamcn.  But  we  could  not  expect  to  meet  with 
intermediate  states  between  a  stamen  and  a  pistil,  except  as  a  mon- 
strosity. The  same  organ  could  not  fulfil  such  antagonistic  offices. 
Nevertheless,  stamens  changing  into  pistils  are  occasionally  found  in 
m<m$trous  blossoms.  Cases  of  the  kind  are  not  very  rare  in  Wil- 
lows, where  anthers  are  found  either  half  changed  or  else  perfectly 
transfonned  into  pistils,  and  bearing  ovules  instead  of  pollen.  In 
gaixlens  some  stamens  of  the  common  Poppy  have  been  found 
changed  into  perfect  pistils,  and  imperfect  attempts  of  the  kind  are 
more  frequently  to  be  detected  in  the  large  Oi-iental  Poppy.  Two 
Apple-trees  in  Ashbuniham,  l^Iassachusetts,  have  long  been  kno^ii, 
which  annually  produce  flowers  in  which  the  petals  are  replaced  by 
five  small  foliaceous  bodies,  resembling  sepals,  and  in  place  of  sta- 
mens there  are  ten  8epai*ate  and  accessory  pistils,  inserted  on  the 
throat  of  the  calyx. 

428.  This  ti'ansformation  of  one  organ  into  another  is  called  met- 
amorpkosis.  Assuming  green  foliage  to  be  the  natural  state  of 
leaves,  the  sepals  and  petals  are  said  to  be  transformed  or  metamor- 
phosed leaves  ;  and  the  stamens  and  pistils  are  still  more  metamor- 
phosed, losing  as  they  ordinarily  do  all  appearance  of  leaves.  Still, 
if  these  organs  be,  as  it  were,  leaves  developed  in  peculiar  states, 
under  the  controlling  agency  of  a  power  which  has  overborne  the 
ordinary  forces  of  vegetation,  they  must  always  have  a  tendency  to 

develop  in  their  primitive  fonn,  when  the 
causes  that  govern  the  production  of  blossoms 
are  interfered  with  during  their  foi'mation. 
They  may  then  reverse  the  spell,  and  revert 
into  some  organ  below  them  in  the  series,  as 
from  stamens  into  petals,  or  pass  at  once  into 
the  state  of  ordinaiy  leaves.  That  is,  organs 
which  from  their  position  should  be  stamens 
or  pistils  may  develop  as  petals  or  fioi*ai 
leaves,  or  else  may  revert  at  once  to  the  state 
of  ordinary  leaves.  Such  cases  of  retrograde 
metamorphosis  frequently  occur  in  cultivated 
flowers. 

429.  Thus  we  often  meet  with  the  actual  reconversion  of  what 
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no.  846.    A  small  leaf  in  place  of  a  pistil  from  the  centre  of  a  flower  of  the  double  Cherry. 
846.  Anoi^anintermediatebetweenaleflCfandapistil,  from  a  similar  flower. 
FIG .  847.    Leaflet  of  a  Bryopby Hum,  developing  buds  along  Its  maigioi. 
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thotdd  he  a  pitfil  into  a  leaf  in  the  double  Garden  Cherry,  either 
completely  (Fig.  345),  or  eke  incompletely,  so  that  the  resnlting 
organ  (as  in  Fig.  346)  is  something  intermediate  between  the  two. 
7%B  change  of  what  $hmdd  be  ttamem  info  pefalt  is  of  common  oc- 
currence in  what  are  called  double  and  temi-doubU  flowers  of  the 
gardens  ;  as  in  Bosce,  Camellias,  Carnations,  &x.  When  such  flow- 
ers have  many  stamens,  these  disappear  aa  the  supemumeniry  petals 
increase  in  number ;  and  the  various  bodies  that  may  be  often  ob- 
served, inlennediate  between  perfect  stamens  (if  any  remain)  and 
the  outer  row  of  petals, — from  imperfect  petals,  with  a  smalt  lamina 
tapering  into  a  slender  stallc,  to  those  which  bear  a  small  distorted 
lamina  on  one  side  and  a  half-formed  anther  on  the  other, — plainly 
reveal  the  nature  of  the  transformation  that  has  taken  place.  Car- 
ried a  step  farther,  the  pistils  likewise  disappear,  to  be  replaced  by 
a  rosette  of  petnlit,  as  in  fully  double  Buttercups. 

430.  In  full  double  Buttercups  we  may  often  notice  a  tendency 
it)  the  inner  petals  to  turn 
green,  that  is,  to  retro- 
grade still  farther  into  foli- 
aceous  organs.  And  there 
is  a  monstrous  state  of  the 
Strawberry  blossom,  well 
known  in  Europe,  in  which 
bII  the  floral  organs  revert 
into  green  sepals,  or  imper- 
fect leaves.  Fig.  348  ex- 
liibits  a  similar  retrograde 
inelaniorphoeis  in  a  flower 
of  the  White  Clover,  where 
the  calyx,  pistil,  &c.  are 
still  recognizable,  although 
partially  transformed  into 
leaves.  And  the  ovary, 
-which  has  opened  Aovra  one 

side,  bears  on  each  edge  a  number  of  small  and  imperfect  leaves ; 
mnch  as  the  ordinary  leaves,  or  rather  leaflets,  of  Bryophyllum  are 
apt  to  develop  rudimentary  tufta  of  leaves,  or  leaf-huds,  on  their 
margins  (Fig.  847),  which  may  grow  into  little  plantlets,  by  which  ■ 
the  species  is  often  propagated.     This  retrograde  metamorphosis  of 

no.  S18.    Afloniet  OHcommiia  WUtoClmwmcrtlnctotlMrj'bmiclii&ftu'TiirpiD. 
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ft  whole  blmsom  into  foliaceous  parts  has  been  termed  ekhrotii,  from 
the  green  color  thus  assamed. 

431.  A  somewhat  different  proof  that  the  blossom  is  a  sort  (rf 
branch,  and  its  parts  leaves,  is  occasionally  furnished  by  monstrous 
flowers  in  the  production  of  a  kafy  branch  from  tKe  cen^t  of  a  flower, 
or  of  otu  flower  out  of  the  centre  of  another  (as  rose-buds  out  of 
roses).      Here  the  receptacle  or  axis  of  the  flower   resumes  the 

ordinary  -vegetative 
growth,  as  in  Fig. 
349,  850.  In  wet 
and  warm  springs, 
B<Hne  of  the  flower- 
buds  of  the  Pear  and 
Apple  are  occasion- 
ally forced  into  vege- 
tulion,  so  as  com- 
pletely to  break  up 
the  flower  and  change 
it  into  an  ordinary 
leafy  branch.  This 
proves  that  the  recep- 
tacle of  a  flower  is  of  the  nature  of  the  stem. 

432.  An  analogous  jiind  of  monstrosity,  viz. 
the  development  of  buds  —  either  into  leafy 
branches  or  into  blossoms  (Fig.  351)  —  in  the 

axils  of  petals,  or  even  of  sttunens  or  pistils,  for-  *" 

nishes  additional  evidence  that  these  bodies  are  of  the  nature  of 
leaves ;  for,  whatever  bears  a  bud  or 
branch  ia  its  axil  must  represent  a  leaf. 

433.  The  irresistible  conclusion  irom 
all  such  evidence  is,  tiiat  the  flower  ia 
one  of  the  forms  —  the  ultimate  form  — 
under  which  branches  appear;  that  the 
leaves  of  the  stem,  the  leaves  or  petals 
of  the  flower,  and  even  the  stamens 
and  pistils,  are  all  forms  of  a   commMi 

no.  84S.  Retregnds  nKtanoriiluiala  af  s  flomr  of  th<  FmlntlU  of  tba  Eudm.  frtm 
Undlq>'*  Tli«n7  of  HoctknlMm ;  MintanBilBaleiigatadiiiitdnTathBstHWsiiUidbiuliis 
ft  whDd  of  gzean  kATH. 

no.  350.    A  moDMioiu  par,  pieloBg«d  Into  >  Imiy  bnneh ;  tiaa  bmntt. 

no.  SEl.  Aflownof  r*lH  KttdlvHt  (Oalutnu  Huilniilipmdaoliic  oUh  Sainn  la 
Ow  sxlll  of  Che  petals ;  from  Tnrplii. 
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type,  only  differing  in  their  special  development.  And  it  may 
be  added,  that  in  an  early  stage  of  development  they  all  appear 
nearly  alike.  That  which,  under  the  ordinary  laws  of  vegetation, 
would  have  developed  aa  a  leafy  branch,  here  developes  as  a  flower ; 
its  several  organs  appearing  under  forms,  some  of  them  slightly,  and 
others  extremely,  different  in  aspect  and  in  office  fix>m  the  foliage. 
But  they  all  have  a  common  nature  and  a  conunon  origin,  or,  in 
other  words,  are  homologous  parts  ( 424). 

434.  Now,  as  we  have  no  general  name  to  comprehend  all  those 
organs  which,  as  foliage,  bud-scales,  bracts,  sepals,  petals,  stamens^ 
&c.,  successively  spring  from  the  ascending  axis  or  stem,  having  ascer^ 
tained  their  essential  identity,  we  naturally  take  some  one  of  them 
as  the  type,  and  view  the  others  as  modifications  or  metamorphoses 
of  it.  The  leaf  is  the  form  which  earliest  appears,  and  is  the  most 
general  of  all  the  organs  of  the  vegetable ;  it  is  the  form  which  is 
indispensable  to  normal  vegetation,  since  in  it,  as  we  h»,v^  seen,  as' 
similation  is  effected,  and  all  organic  matter  is  produced ;  it  is  thti 
form  into  which  all  the  floral  organs  may  sometimes  be  traced  back 
by  numerous  gradations,  and  to  which  they  are  liable  to  revert  when 
flowering  is  disturbed  and  the  vegetative  forces  again  prevail. 
Hence  the  leaf  may  be  properly  assumed  as  the  type  or  pattern,  to 
which  all  the  others  are  to  be  referred.  When,  therefore,  the  floral 
organs  are  called  modified  or  metamorphosed  leaves,  it  is  not  to  be 
supposed  that  a  petal  has  ever  actually  been  a  green  leaf,  and  has 
subsequently  assumed  a  more  delicate  texture  and  hue,  or  that  sta- 
mens and  pistils  have  previously  existed  in  the  state  of  foliage  ;  but 
only  that  what  is  fundamentally  one  and  the  same  organ  develops, 
in  the  progi"essive  evolution  'of  the  plant,  under  each  or  any  of 
these  various  forms.  When  the  individual  organ  has  developed,  its 
desUny  i^  fixed. 

435.  The  theory  of  vegetable  moi-phology  may  be  expressed  in 
other  and  more  hypothetical  or  transcendental  forms.  We.  have 
preferred  to  enunciate  it.  in  the  simplest  and  most  general  teims. 
Biit,  under  whatever  particular  formula  expressed,  its  adoption  has 
not  only  greatly  simplified,  but  has  thrown  a  flood  of  liglit  over  the 
whde  of  Stnictural  JBotany,  and  has  ocmsequently  placed  the  whole 
logic  of  Systematic  Botany  upon  a  new  and  pliilosophical  basis. 
Our  restricted  hmits  will  not  allow  us  to  trace  its  historical  develop- 
ment. Suffice  it  to  say,  that  the  idea  of  the  essential  identity  of  the 
floral  organs  and  tlie  leaves  was  distinctly  propounded  by.  Lia- 


232  THR   FLOWKR. 

naeuB,*  about  the  middle  of  the  last  century.  It  was  newly  taught 
by  Caspar  Frederic  Wolif,  about  twenty  years  later,  and  again,  after 
the  lapse  of  nearly  twenty  years  more,  by  the  celebrated  Goethe, 
who  was  entirely  ignorant,  as  were  his  scientific  contemporaries,  of 
what  Linmeus  and  WoliT  had  written  on  the  subject.  Goethe's 
curious  and  really  scientific  treatise  was  as  completely  forgotten  or 
overlooked  as  the  significant  hints  of  Linnaeus  had  been.  In  ad- 
vance of  the  science  of  the  day,  and  more  or  less  encumbered  Mnith 
hypothetical  speculations,  none  of  these  writings  appear  to  have  ex- 
erted any  appreciable  influence  over  the  progress  of  the  science, 
until  it  had  reached  a  point,  eariy  in  the  present  century,  when  the 
nearly  simultaneous  generalizations  of  several  botanists,  following 
different  clews,  were  leading  to  the  same  conclusions.  Ignorant  of 
the  writings  of  Goethe  and  Wolff,  De  Candolle  was  the  first  to  de- 
velop, from  an  independent  and  original  point  of  view,  the  idea  of 
symmetry  in  the  flower ;  that  the  plan,  or  type,  of  the  blossom  is 
regular  and  symmetrical,  but  that  this  symmetry  is  more  or  less  in- 
terfered with,  modified,  or  disguised  by  secondary  influences,  such  as 
suppressions,  alterations,  or  irregularities,  giving  rise  to  the  greatest 
diversity  of  forms.  The  reason  of  the  prevailing  symmetrical  ar- 
rangement of  parts  in  the  blossom  has  only  recently  been  made 
apparent,  in  the  investigation  of  phyllotaxis  (236)  ;  from  which  it 
appears  that  the  general  arrangement  of  the  leaves  upon  the  stem 
is  carried  out  in  the  flower. 


Sect.  HL    The  Symmetry  of  the  Flower. 

436.  A  Symmetrical  Flowev  is  one  wliich  has  an  equal  number  of 
parts  in  each  circle  or  whorl  of  organs ;  as,  for  example,  in  Fig. 
334,  where  there  are  Hye  sepals,  five  petals,  five  stamens,  and  ^ve 
pistils.  It  is  not  less  symmetrical,  although  less  simple,  when  there 
are  two  or  more  circles  of  the  same  kind  of  organ ;  as  in  Sedum 
(Fig.  361),  where  there  are  two  sets  of  stamens,  five  in  each ;  in 
the  Barberry,  where  there  are  two  or  more  sets  of  sepals,  two  of 
petals,  and  two  of  stamens,  three  in  each  set,  &c    A  complete  Jhwer 


*  "Principium  Jhrum  et/oliorum  idem  est  Principium  gemmarum  et  folio- 
ram  idem  est  Gemma  constat  foliorum  rudlmcntis.  Perianthium  sit  ex  con- 
Batis  foliomm  mdimentis,"  etc.     Philosophia  Botanica^  p.  301. 
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(as  already  defined,  416)  is  one  that  possesses  both  sorts  of  floral 
Envelopes,  calyx  and  corolla,  and  both  essential  organs,  viz.  stamens 
and  pistils. 

437.  The  simplest  possible  complete  and 
symmetrical  flower  would  be  one  with  the  ca- 
lyx of  a  single  sepal,  a  corolla  of  a  single  petal, 
a  single  stamen,  and  a  single  pistil ;  as  in  the 
annexed  diagram  (Fig.  352),  which  represents 
the  elements  of  a  simple  stem  (Fig.  157),  ter- 
minated by  an  equally  simple  flowei*.  Each 
c&nstituent  of  the  blossom  represents  a  phyton 
(163),  with  its  stem  part  reduced  to  a  mini- 
mum, and  its  leaf  part  developed  in  a  peculiar 
wky,  according  to  the  rank  it  sustains  and  the 
office  it  is  to  fulfil.  That  there  are  short  inter- 
nodes  between  consecutive  organs  in  the  flower 
is  usually  apparent  on  minute  inspection  of  its 
axis,  or  receptacle  ;  and  some  of  them  are  con- 
spicuously prolonged  in  certain  cases.  But 
they  are  commonly  so  short  that  the  organs 
are  brought  into  juxta})osition,  just  as  in  a  leaf- 
bud,  and  the  higher  or  later-formed  parts  are 
interior  or  enclosed  by  the  lower. 

438.  Perhaps  the  exact  case  of  a  flower  at 
once  go  complete  and  so  simple  is  not  to  be  met 
ivith,  the  organs  of  the  flower,  or  some  of 
them,  being  generally  multiplied.  Thus  we 
find  a  circle  or  whorl  of  each  kind  of  organ, 
and  often  two  or  three  circles,  or  a  still  larger 
and  apparently  indefinite  number  of  parts.  In 
fact,  the  floral  organs  usually  occur  in  twos, 
threes,  foul's,  or  fives ;  and  the  same  number 
is  apt  to  prevail  throughout  the  sevei-al  circles 
of  the  flower,  which  therefore  displays  a  sym-  "^ 
metrical  an*angement,  or  a  manifest  tendency  towards  it.* 


*  Terms  expressive  of  the  number  of  parts  which  compose  each  whorl  of 
kind  of  organ  —  which  are  sometimes  very  convenient  to  use  —  are  formed  of 

FIG.  S52  Diagram  of  a  plant,  with  a  distichous  amngement  of  the  phytonn,  carriod 
through  the  complete  flower,  of  the  simplest  kind,  consisting  of,  a,  a  sepal ;  6,  a  petal ;  c,  a 
stajuen  ;  and  </,  a  pistil :  br  is  the  bract  or  uppermost  proper  leaf. 

20* 
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489.  Ilftving  alread}'  noticed  the  Bjnunelrical  arrangement  of  the 
foliage  (236~2S1),  and  remarked  the  traniiition  of  ordinary  leavea 
t  into  those  of  the  blosram 

(426),  we  naturally  seek  '  \A/ 
to  bring  the  two  under  ^"  ■ 
the  aarae  general  laws,  '  Al/^ 
and  look  upon  each  floral  '  ^^ 
whorl  aa  answering  ei-  ,  ikXj 
ther  to  a  cycle  of  alter-  yjf 

nate  leaves  with    their  ^ 

reHpective  intemodes  undeveloped^ 
or  to  a  pair  or  verticil  of  opposite 
r  verticillnte  leaves.  Thus,  the  simplest  com- 
oination,  where  the  organs  are  dimerout,  or  ih 
twos,  may  be  compared  with  the  alternate  two- 
ranked  arrangement  (238),  the  calyx,  die  corolla, 
etamens,  &e.  each  consisting  of  one  cycle  of  two 
elements ;  or  else  with  the  case  of  opposite  leaves 
(250),  when  each  set  would  answer  to  a  piur  of 
leaves.  So,  likewise,  the  organs  of  a  trimervut 
flower  (viz.  one  with  its  parts  in  threes,  as  in  Fig. 
353)  may  be  taken  either  as  cycles  of  alternate- 
•"  leaves  of  the  tristichous  mode  (239),  with  the  axis 

shortened,  which  would  throw  the  parts  into  successive  whorla  of 
threes,  or  else  as  proper  verticils  of  three  leaves ;  while  those  of  a 
pentamtrottg  or  quinary  flower  (with  the  parts  in  (ivea,  as  in  Fig.  854) 
would  answer  to  the  cycles  of  the  f  arrangement  (240)  of  alternate 
leaves,  or  to  proper  five-leaved  verticils.  So  the  wimrls  of  a  letra- 
merous  flower  are  to  be  compared  with  the  case  of  decussating  op- 


the  Greek  nameraU  combined  with  ftJpot.  a  pari.  Thru  a  fiower  widi  on);  om 
organ  of  each  kind,  as  in  the  diagram,  Fig.  353,  is  aKmomemut :  a  flower  or  i 
whorl  of  two  oi^ns  is  dittKrous  (Fig.  373)  ;  of  three  (as  in  Fig  353),  iriintrous 
of  four,  ttlmmenmi  {Fig.  405) ;  of  five  (as  in  Fig.  334),  ptnlanurrxiia ;  of  six,  hex 
aaterma ;  of  ten,  dtmoKfoia,  &c.  These  words  are  oflen  printed  with  figuros,  ■ 
2-memua,  S-meroui,  i-nanms,  i-men/ui,  and  so  on. 

ITQ.  SCS.    FbtU  of  ■  irmnwCiln]  nimamig  Oowar  (TlUiga  moHim) :  a,  olji ;  i,  conD* 

?I0.  ^t.  IilaJpluaf  apliiit,wlUitbaBlinpleit«mUnti1ii*t«d  bj  ■  irmnHtrta)  pniti 
nwnHLA  flower  ^  the  diSennC  hU  of  Drgftaa  npunCed  to  KgM  dlsUuoB  tnm  each  otlKt,  to  ibo< 
the  nUtiTv  oltuBUon  of  the  porU ;  0d4  of  each,  muDelji  a,  a  sepal,  ft,  a  petal,  c,  a  Manm,  aa 
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|)osite  leaves,  combined  two  by  two,  or  with  quaternary  verticillate 
leaves  (251)  ;  either  of  which  would  give  sets  ci  parts  in  fours. 

440.  The  Alternatioil  of  (he  Floral  Organi.     We  leam  from  obser- 
vation that,  as  a  general  rule,  the  parts  of  the  successive  circles  of 
the   flower  alternate   with  each  other.     The  &ve 
petals  of  the  flower  represented  in  Fig.  334,  for  ex-       ^i,*a=55 
ample,  are  not  apposed  to  the  Ave  sepals  (that  is,     ff^    5 
situated  directly  above  or  before  them),  but  alter'    'j  (q  vT) 

nalft  ivit h   thAm.  that  ia.  or  fttiind  €%V9T  ihA  intArvnln      W  ^  . 


note  with  them,  that  is,  or  stand  over  the  intervals 
between  them ;  the  five  stamens  in  like  manner  al- 
ternate with  the  petals,  and  the  five  pistils  with  the 
stamens,  as  is  shown  in  the  diagram,  Fig.  335.  The  same  is  the 
case  in  Fig.  353,  the  several  organs  of  a  flower  with  its  parts  in 
threes ;  and  in  fact  this  is  the  rule,  the  few  exceptions  to  which 
have  to  be  separately  accounted  for. 

441.  This  comports  with  the  more  usual  phyllotaxis  in  opposite 
and  verticillate  leaves,  where  the  successive  pairs  decussate,  or  cross 
each  other  at  right  angles  (251),  or  the  leaves  of  one  verticil  several- 
ly correspond  to  the  intervals  of  that  underneath,  making  twice  as 
many  vertical  ranks  as  there  are  parts  in  the  whorL  The  alternation 
of  the  floral  organs  is  therefore  most  readily  explained  on  the  assump- 
tion that  the  several  circles  are  true  decussating  veiticils.  But  the 
inspection  of  a  flower-bjd  with  the  parts  imbricated  in  aestivation 
(494)  shows  that  the  several  members  of  the  same  set  do  not  origi- 
nate exactly  in  the  same  plane.  The  five  petals,  for  example,  in 
the  cross-section  of  the  pentamerous  blossom  shown  in  Fig.  335  (and 
the  same  arrangement  is  still  more  frequently  seen  in  the  calyx), 
are  so  situated,  that  two  are  exterior  in  the  bud,  and  therefore  in- 
serted lower  on  the  axis  than  the  rest,  the  third  is  intermediate,  and 
two  others  are  entirely  interior,  or  inserted  higher  than  the  rest.  In 
fact,  they  exactly  correspond  with  a  cycle  of  alternate  leaves  of  the 
quincundal  or  five-ranked  arrangement,  on  an  extremely  abbreviated 
axis,  or  on  a  horizontal  plane,  as  is  at  once  seen  by  comparing  the 
ground  plan.  Fig.  335,  with  Fig.  206.  Compare  also  Fig.  355  with 
Fig.  203.  Also,  when  the  parts  are  in  fours,  two  are  almost  always 
exterior  in  the  bud,  and  two  interior.  Moreover,  whenever  the 
floral  envelopes,  or  the  stamens  or  pistils,  are  more  numerous,  so  as 
to  occupy  several  rows,  the  spiral  disposition  is  the  more  manifest. 
It  is  most  natural,  accordingly,  to  assume  that  the  calyx,  corolla, 

FIG.  866.    CroB»4ecUon  of  the  flower-bud  of  Fig.  853,  to  show  the  alternatioa  of  pturfai. 
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stamens,  &c.  of  a  pentamerous  flower  are  each  a  depressed  spiral  or 
cycle  of  the  f  mode  of  phyllotaxis,  and  those  of  the  trimeroiis  flower 
are  similar  spirals  of  the  ^  mode.  But  then  the  parts  of  the  suc- 
cessive cycles  should  be  superposed,  or  placed  directly  before  each 
other  on  the  depressed  axis,  as  leaves  are ;  whereas,  on  tlie  contrary, 
they  almost  always  alternate  with  each  other  in  the  flower. 

442.  To  reconcile  this  alternation  with  the  laws  of  phyllotaxis  in 
alternate  leaves,  Pi*of.  Adnen  de  Jussieu  has  advanced  an  ingenious 
hypothesis.  He  assumes  the  f^  spiral  aiTangement  as  the  basis  of 
the  floral  structure  both  of  the  trimerous  and  pentamerous  flower, 
(at  least  when  the  envelopes  are  imbricated  in  the  bud,)  this  being 
the  one  that  brings  the  successive  parts  most  nearly  into  alternation, 
eitlier  in  threes  or  in  fives ;  as  will  readily  be  observed  on  inspection 
of  the  tabular  projection  of  that  mode,  given  on  page  139.  The  dif- 
ference between  the  position  of  pai*ts  in  regular  alternation,  whether 
in  threes  or  fives,  and  tliat  assigned  by  an  accurate  spiral  projection 
of  the  ^rj  mode,  is  very  slight  as  respects  most  of  the  organs,  and  in 
none  does  the  deviation  exceed  one  thirteenth  of  the  cireumference ; 
—  a  quantity  which  becomes  neai'ly  insignificant  on  an  axis  so  small 
as  that  of  most  flowers.  Moreover,  if  the  interior  organs  of  a  regular 
and  symmetrical  flower  were  thus  to  originate  in  the  bud  nearly  in 
alternation  with  those  that  precede  them,  they  would  almost  necessa- 
rily be  crowded  a  little,  as  they  develop,  into  the  position  of  least  pres- 
sure, and  thus  fall  into  these  intervals  with  all  the  exactness  that  is 
actually  found  in  nature.  For  in  living  bodies,  endowed  as  they  are 
with  plasticity  and  a  certain  power  of  adaptation  to  cireumstances, 
the  positions  assumed  are  not  mathematically  accurate;  and  the 
eifect  of  unequal  pressure  in  the  bud  in  throwing  the  smaller  parts 
more  or  less  out  of  their  normal  position  may  be  observed  in  almost 
any  irregular  flower.  Moreover,  in  all  the  forms  of  phyllotaxis 
from  -j^j  onwards,  it  is  doubtful  whether  what  we  term  vertical  ranks 
are  exactly  superposed.  In  tracing  them  upward  to  some  extent, 
we  perceive  indications  of  a  curviserial  arrangement,  where  the 
superposition  is  continually  approximated,  but  is  never  exactly  at- 
tained (248).  Lestibudois*  has  revived  the  older  hypothesis  of 
Jussieu,  and  others  ;  viz.  that  a  second  spiral  is  introduced  with  the 
petals  and  continued  in  the  pistils.  And  Schimper  and  Braun  im- 
agine a  change  of  half  the  angular  divergence  (prosenthesis)  to  occur 


*  In  Anncdes  des  Sciences  Naturelles,  ser.  4,  Vol.  2,  p.  226. 
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in  passing  from  one  cycle  to  the  next ;  —  which  is  rather  describing 
the  anomaly  in  other  words  than  explaining  it 

443.  Whether  we  regard  the  floi'al  circles  as  decussating  verticils, 
or  as  cycles  of  alternate  leaves  in  some  way  altered  as  to  their  suc- 
cession, we  cannot  fail  to  discern  an  end  attained  by  such  arrange- 
ment, namely,  a  disposition  of  pails  which  secures  the  gi*eatest  econ- 
omy of  space  on  an  abbreviated  axis,  and  the  greatest  fi^edom  fix>m 
mutual  pressure. 

444.  Posittoii  of  the  Flower  as  respeett  the  Axis  and  sobtending  Bract. 

All  axillaiy  flowers  are  situated  between  a  leaf  and  the  stem,  or, 
which  is  the  same  thing,  between  a  bitict  and  the  axis  of  inflores- 
cence. These  two  fixed  points  enable  us  to  indicate  the  i*elative 
position  of  tlie  pai*ts  of  the  floi*al  circles  with  precision.  That  pai*t 
of  the  flower  which  lies  next  the  leaf  or  bract  fi'om  whose  axil  it 
arises  is  said  to  be  anterior,  or  inferior  (lower)  :  that  which  is  dia- 
metrically opposite  or  next  the  axis  is  posterior,  or  superior  (upper).* 
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It  is  important  to  notice  the  relative  position  of  paits  in  this  re- 
spect. This  is  shown  in  a  proper  diagram  by  drawing  a  section 
of  the  bract  in  its  true  position  under  the  section  of  the  flower- 
bud,  as  in  Fig.  358  :  the  position  of  the  axis  is  necessai'ily  dia- 
metrically opposite,  and  its  section  is  sometimes  indicated  by  a  dot 
or  small  circle.    In  an  axillary  flower  with  the  parts  in  fours,  one  of 


*  As  if  these  were  not  terms  enough,  sometimes  the  organ,  or  side  of  the 
flower,  which  looks  towards  the  bract,  is  likewise  called  exterior^  and  the  organ 
or  side  next  the  axis,  interior ;  bat  these  terms  should  be  kept  to  designate  the 
relative  position  of  the  members  of  the  floral  circles  in  aestivation  (494). 

FIG.  856.  Diagram  of  a  Cmciferotis  flower  (Erysimam) ;  a,  the  axis  of  inflorosoence.  (Th« 
bract  is  abortive  in  this,  as  in  most  plants  of  this  family.) 

FIG.  857.  IMagram  of  a  flower  of  a  Rhus,  with  the  axis,  a,  and  the  bract,  6,  to  show  the 
relative  ponition  of  partn. 

FIG.  SJH.    Diagram  of  a  flower  of  the  Pulse  tribe !  a,  the  axis,  and  6,  the  bmot. 
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the  sepals  will  be  anterior,  one  posterior,  and  two  lateral,  or  rigtit 
and  lefl ;  as  in  the  annexed  diagram  of  a  Cruciferous  blossom  (Fig. 
356)  ;  while  the  petals,  alternating  with  the  sepals,  consist  of  an 
anterior  and  a  posterior  pair ;  and  the  stamens,  again,  stand  before 
the  sepals.  An  axillary  flower  of  five  parts  will  have  either  one 
sepal  superior  or  posterior  and  two  inferior  or  anterior  (as  in  Khus, 
Fig.  357),  or  else,  vice  versa,  one  inferior  and  two  superior,  as  in 
Papilionaceous  flowers  (Fig.  358) :  in  both  cases  the  two  remaining 
sepals  are  lateral.  The  petals  will  consequently  stand  one  superior, 
two  inferior,  and  two  latei-al,  in  the  last-named  case;  and  one  in- 
ferior, two  superior,  and  two  latei*al,  in  the  former.  In  terminal 
flowers  (401),  the  position  of  parts  in  respect  to  the  uppermost 
leaves  or  bracts  should  be  noted. 


Sect.  IV.    The  Various  Modifications  of  the  Flower.. 

445.  The  complete  and  symmetrical  flowers,  with  all  their  organs 
in  the  most  normal  state,  that  have  now  been  considered,  will  serve 
as  the  type  or  pattern,  with  which  we  may  compare  the  almost  num- 
berless variety  of  forms  which  blossoms  exhibit,  and  note  the  char- 
acter of  the  differences  observed.  We  proceed  upon  the  supposi- 
tion, that  all  flowers  are  formed  upon  a  common  plan,  —  a  plan 
essentially  the  same  as  that  of  the  stem  or  branch,  of  which  the 
flower  is  a  modified  continuation,  —  so  that  in  the  flower  we  are  to 
expect  no  organs  other  than  those  that,  whatever  their  form  and 
office,  answer  either  to  the  axis  or  to  the  leaves  ;  so  that  the  differ- 
ences between  one  flower  and  another  are  to  be  explained  as  cir- 
cumstantial variations  of  one  fundamental  plan,  —  variations  for  the 
most  part  analogous  to  those  which  occur  in  the  organs  of  vegeta- 
tion themselves.  Having  assumed  the  type  which  represents  our 
conception  of  the  most  complete,  and  at  the  same  time  the  simplest 
flower,  we  apply  it  to  all  the  cases  which  present  themselves,  and 
especially  to  those  blossoms  in  which  the  structure  and  symmetry 
are  masked  or  obscured ;  where,  like  the  disenchanting  spear  of 
Ithuriel,  its  application  at  once  reveals  the  real  character  of  the  most 
disguised  and  complicated  forms  of  structure. 

446.  Our  pattern  flower  consists  of  four  circles,  one  of  each  kind  of 
floral  organ,  and  of  an  equal  number  of  parts,  successively  alternat- 
ing with  one  another.     It  is  complete^  having  both  calyx  and  corolhi. 
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as  well  as  stamens  and  pistils  (41 6)  ;  symmetrical^  having  an  equal 
number  of  parts  in  the  successive  whorls  (436)  ;  regtUary  in  having 
the  different  members  of  each  circle  all  alike  in  size  and  shape ;  it 
has  bat  one  circle  of  the  same  kind  of  organs ;  and,  moreover,  all  the 
parts  are  distinct  or  unconnected,  so  as  to  exhibit  their  separate 
origin  from  the  axis  or  receptacle  of  the  flower.  This  type  may  be 
presented  under  either  of  the  £>ur  numerical  forms  which  have  been 
illustrated.  That  is,  its  circles  may  consist  of  parts  in  twos  (when 
it  is  binary  or  dimerous),  threes  (ternary  or  trimerous),  fours  (qua" 
ternary  or  tetramerotts),  or  fives  (quinary  or  pentamerous).  The 
first  of  these  is  the  least  common ;  the  trimerous  and  the  pentame- 
rous  far  the  most  so.  The  last  is  restricted  to  Dicotyledonous  plants, 
where  five  is  the  prevailing  number;  while  the  trimerous  flower 
largely  prevails  in  Monocotyledonous  plants,  altliough  by  no  means 
wanting  in  the  Dicotyledonous  class,  from  which  Fig.  353  is  taken. 

447.  The  principal  deviations  from  the  perfectly  normal  or 
pattern  flower  may  be  classified  as  follows.  They  arise,  either 
from, — 

1st.  The  production  of  additional  circles  of  one  or  more  of  the 
floral  organs  (regular  multiplication  or  augmentation)  ; 

2d.  The  production  of  a  pair  or  a  cluster  of  organs  where  there 
should  normally  be  but  one,  that  is,  the  multiplication  of  an  organ 
by  division  (abnormal  multiplication^  also  termed  deduplication  or 
charisis)  ; 

3d.  The  anteposition  (or  opposition,  instead  of  alternation)  of  the 
parts  of  successive  circles ;  * 

4th.  The  union  of  the  members  of  the  same  circle  (coalescence)  ; 

5th.  The  union  of  adjacent  parts  of  diflerent  circles  (adnation)  ; 

6th.  The  unequal  growth  or  unequal  union  of  different  parts  of 
the  same  circle  (irregularity) ;  or, 

7th.  The  non-production  or  abortion  of  some  parts  of  a  circle,  or 
of  one  or  more  complete  circles  (suppression  or  abortion). 

8th.  To  which  may  be  added,  the  abnormal  development  of  the 
receptacle  or  axis  of  the  flower. 

448.  Some  of  these  deviations  interfere  with  the  symmetrical 
structure  of  the  flower ;  others  merely  render  it  irregular,  or  dis- 
guise the  real  origin  or  the  real  number  of  parts.  These  deviations, 
moreover,  are  seklom  single ;  but  two,  three,  or  more  of  the  kinds  fre- 
quently co-exist,  so  as  to  realize  almost  every  conceivable  vanation. 

449.  Several  of  these  kinds  of  deviation  may  oflen  be  obscr\'ed 
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even  in  the  same  natural  family  of  plants,  where  it  cannot  be  donht- 
cd  that  the  blossoms  are  constructed  upon  a  common  pkn  in  all  the 
species.     Even  in  the  family  Crassulacete,  for  example,  M^here  the 

flowers  are  remarkably  symmetrical,  and  fi'oin 
""  which'  our  pattern  flowers.  Fig.  334  and  353, 

are  derived,  a  considerable  number  of  these  di- 
versities are  to  be  met  with.     In  Ci*assula,  we 
have  the  completely  symmetrical   and  simple 
pentamerous  flower  (Fig.  359,  360),  viz.  with  a 
calyx  of  five  sepals,  a  corolla  of  five  petals  alter- 
nate with  the  former,  an  androecium  (418)  of 
five  stamens  alternating  with  the  petals,  and  a 
gynaecium  (419)  of  five  pistils,  which  are  alter- 
nate with  the  stamens ;  and  all  the  parts  are 
vJV     ^^^^^  ^Jm  ^^^^^  **^^  symmetrical,  and  also  distinct  and 
^^"^^^^sj^^   fr^®  fro™  ®*c^  other ;  except  that  the  sepals  are 
^ss^  somewhat  united  at  the  base,  and  the  petals  and 

(60  stamens  slightly  connected  with  the  inside  of  the 

calyx,  instead  of  arising  directly  from  the  recep- 
tacle or  axis,  just  beneath  the  pistils.  Five  is  the  prevailing  or 
normal  number  in  this  family.  Nevertheless,  in  tlie  related  genus 
Tillaea,  most  of  the  species,  like  ours  of  the  United  States,  have 
their  parts  in  fours,  but  are  otherwise  similar,  and  one  common 
European  species  has  its  parts  in  threes  (Fig.  353)  ;  tliat  is,  one  or 
two  members  are  left  out  of  each  circle,  which  of  course  does  not  in- 
terfere with  the  symmetry  df  the  blossom.  So  in  the  more  conspic- 
uous genus  Sedum  (the  Stonecrop,  Live-for-ever,  Orpine,  &c),  some 
species  have  their  paits  in  fives ;  others 
in  fours ;  and  several,  like  our  S.  ter- 
natum,  have  those  of  the  first  blossom 
in  fives,  but  all  the  rest  in  fours.  But 
Sedum  also  illustrates  the  case  of  reg- 
ular augmentation  (447, 1st)  in  its  an- 
droecium, which  consists  of  twice  as 
many  stamens  as  there  are  members 
in  the  other  parts ;  that  is,  an  addi- 
tional circle  of  stamens  is  introduced  (Fig.  361),  the  members  of 
which  may  be  distinguished  by  being  shorter  or  a  little  later  than 


set 


FIO.  859.    FloirerofaCraraula.    860.  Cross-Bection  of  the  bud. 
VIO.  881.    Flower  of  a  Sedum  or  Stonecrop. 
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those  of  the  primary  circle,  and  by  their  alternation  with  these, 
which  brings  them  directly  opposite  the  petals.  A  thiixi  genus 
(Rochea)  exhibits  the  same  pentamerous  ai)d  normal  flower  as  Craj- 
sula,  except  that  the  contiguous  edges  of  the  petals  slightly  cohere 
about  half  their  length,  although  a  little  force  suffices  to  separate 
them :  in  another  (Grammanthes,  Fig.  362),  the  petals  are  firmly 
united  into  a  tube  for  more  than  half  their  length,  and  so  are  the 
sepals  likewise ;  illustrating  the  fourth  of  the  deviations  above 
enumerated  (447).  Next,  the  allied  genus  Cotyledon  (Fig.  363) 
exhibits  in  the  same  flower  both  this  coalescence  of  similar  paits, 
and  an  additional  circle  of  stamens,  as  in  Sedum.  It  likewise  pre- 
sents the  next  order  of  deviations,  in  the  union  (adnation)  of  the 
base  of  its  stamens  to  the  base  of  the  corolla,  out  of  which  they  ap- 
parently arise,  as  is  seen  in  Fig.  364,  where  the  coix)lla  is  laid  open 
and  displaj^ed.  The  pistils,  although  ordinarily  exhibiting  a  strong 
tendency  to  unite,  are  perfectly  distinct  in  all  these  cases,  and  in- 
deed throughout  the  order,  with  two  exceptions ;  one  of  which  is 
seen  in  Penthorum,  where  the  five  ovaries  (Fig.  365)  are  united 
below  into  a  solid  body,  while  their  summits,  as  well  as  the  styles, 
are  separate.  The  same  plant  also  furnishes  an  example  of  the  non- 
production  (or  suppression)  of  one  set  of  organs,  that  of  the  petals ; 
which,  although  said  to  exist  in  some  specimens,  are  ordinarily  want- 
ing altogether.  Another  instance  of  increjise  in  the  number  of  parts 
occurs  in  the  Houseleek  (Sempervivum),  in  which  the  sepals,  petals, 
and  pistils  vary  in  different  species  from  six  to  twenty,  and  the  sta- 
mens from  twelve  to  forty. 


450.  Some  illustrations  of  the  principal  diversities  of  the  flower, 

FIG.  882.  Flower  of  Grammanthes.  883.  Flower  of  a  Cotyledon.  864  The  corolla  laid 
open  showing  the  two  rows  of  stamens  Inserted  Into  it.  8S5.  The  fiye  pistils  of  Penthorum, 
united.    366.  A  cross-section  of  the  same. 
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as  classified  above  (447),  may  be  draivn  at  random  from  different 
families  of  plants  ;  and  most  of  the  technical  tei*ms  necessarily  em- 
ployed in  describing  these  modifications  may  be  introdaced,  and 
explained,  as  yire  proceed.  The  multiplication  of  parts  is  usually  in 
consequence  of  the 

451.  Aagmentation  of  the  Floral  Circles.    An  increased  number  of 

circles  or  parts  of  all  the  floi*al  organs  occurs  in  the  Magnolia 
family ;  where  the  floral  envelopes  occupy  three  or  four  rows,  of 
three  leaves  in  each,  to  be  divided  between  the  calyx  and  corolla, 
while  the  stamens  and  pistils  Are  very  numerous,  and  compactly 
arranged  on  the  elongated  receptacle.  The  Custard-Apple  family, 
which  is  much  like  the  last,  has  also  two  circles  in  the  corolla,  three 
petals  in  each,  a  great  increase  in  the  number  of  stamens,  and,  in 
our  Papaw  (Fig,  654),  sometimes  only  one  cu'cle  of  pistils,  viz. 
three,  sometimes  twice,  thrice,  or  as  many  as  five  times  that  num!)cr. 
The  Water-Lily,  likewise,  has  all  its  parts  augmented,  the  floral 
envelopes  and  the  stamens  especially  occupying  a  great  number  of 
rows ;  and  the  pistils  are  likewise  numerous,  although  their  number 
is  disguised  by  being  united  into  one  body.  When  the  sepals,  petals, 
or  other  parts  of  the  flower  are  too  numerous  to  be  readily  counted, 
or  even  exceed  twelve,  especially  when  the  number  is  inconstant,  as 
it  commonly  is  in  such  cases,  they  are  said  to  be  indefinite  ;  and 
a  flower  with  numerous  stamens  is  also  termed  polyandrous. 

452.  When  such  multiplication  of  the  floral  circles  is  perfectly 
regular,  the  number  of  the  organs  so  increased  is  a  multiple  of  that 
which  forms  the  basis  of  the  flower ;  but  this  could  scarcely  be  de- 
termined when  the  numbers  are  large,  as  in  the  stamens  of  a  Butter- 
cup, for  example,  nor  is  there  much  constancy  when  the  whorls  of 
any  organ  exceed  three  or  four.  The  doubling  or  trebling  of  any 
or  all  the  floral  circles  does  not  interfere  with  the  symmetry  of  the 
flower ;  but  it  may  obscure  it  (in  the  stamens  and  pistils  especially), 
by  the  crowding  of  two  or  more  circles  of  five  members  into  what 
appears  like  one  of  ten,  or  two  trimerous  circles  into  what  appears 
like  one  of  six.     The  latter  case  occurs  in  most  Endogenous  plants. 

453,  The  production  of  additional  floral  circles  may  account  for 
most  cases  of  increase  of  the  nonnal  number  of  organs,  but  not  for 
all  of  them.  It  must,  we  think,  be  admitted  that  certain  parts  of  the 
blossom  are  sometimes  increased  in  number  by  the  production  of  a 
double  organ^  or  a  pair  or  a  group  of  organs  which  occupy  the  place 
jf  one  ;  namely,  by  what  has  been  tei*med 
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'  454.  Cbnrilil  or  OcdDplleatian.  The  nnme  didaubUmmt  of  Dunal, 
itrhich  has  been  transUled  dedupticattott,  litemlly  means  imUnitiff  ; 
the  original  hypothesis  being,  that  the  organs  in  quei^tion  unline,  or 
tend  to  Eeparate  into  two  or  more  layers,  each  having  llie  Mime 
structure.  "We  may  employ  tlie  vtonX  dediipUcation,  in  tlie  sense 
of  the  doubling  or  multiplicdtioa  vf  the  number  of  parts,  williout 
adopting  thie  hypothesis  ns  *o,  tiie  nalura  of  the  process,  which  at 
best  can  well  apply  only  to  some  special  cases.  Tlie  woi-d  ehoriiit 
(x<^p><rw,  the  act  or  state  of  separation  or  multiplication),  also  pro- 
posed by  Dunal,  does  not  involve  any  such  assumption,  and  is  ac- 
copdingfy  to  be  preferred.  By  regular  rau It i plication,  therefore,  we 
mean  the  aogmentation  of  the  number  of  oi^iuis  Ihiough  the  de- 
velopment of  additional  circles  ;  which  'loes  not  alter  the  S3'mmetry 
of  the  flower.  By  chorisis  we  denote  the  pi-oduction  of  two  or  more 
organs  in  the  place  of  one,  in  a  marner  analogous  lo  the  division  of 
the  blade  of  a  leaf  into  a  number  of  separate  blades,  or  leaflets. 

455.  Chorisis^  or  the  division  of  an  organ  into  a  mi 

pair  or  a  cluster,  may  take  place  in  two  ways. 
In  one  case  Ihe  parts  or  organs  thus  produced 
stand  one  before  the  other  ;  in  the  other  case  they 
Gland  side  by  side.  The  first  is  named  tranaverte 
chorisis ;  the  second,  coUateral  chorisis.  Both 
must  evidently  disturb  or  disgube  the  normal 
symmetry  of  the  blossom. 

4o6.  Colisteral  Cboriui  is  that  in  respect  to 
which  there  is  least  doubt  as  to  the  nature  of  the 
process.  We  have  a  good  example  of  it  in  the 
tetrad^amous  stamens  (519)  of  the  Mustard  or 
Cress  iamily  (Fig.  406).  Here,  in  a  flower  nilh 
a  symmetrical  tetramerous  calyx  and  corolla,  we 
have  six  stamens ;  of  which  the  two  lateral  or 
shorter  ones  are  alternate  with  the  adjact^nt 
petals,  as  they  noi-mally  should  be,  while  the  four  "^ 

are  in  two  pairs,  one  pair  before  each  remaining  interval  of  the 
petals ;  as  is  shown  in  the  annexed  diagram  (Fig.  3C7).  Tliat  is, 
on  the  anterior  and  on  the  posterior  side  of  the  flower  we  have  two 
stamens  where  there  normally  should  be  but  a  single  one,  and  where, 
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indeed,  there  is  but  one  in  a  few  plants  of  this  family.     Kow  it  oc- 

caaionallf  happens  that  the  doubling  of  this  stamen  is,  a^  it  were, 
arrested  before  com- 
pletion, so  that  in 
place  of  two  stamens 
we  have  a  forked  fila- 
ment beanng  a  pair 
of  anthers ;  as  fi-e- 
quenUy  happens  in 
some  gpe«es  of  Strep- 
tanthus  (Fig.  368). 
Here  the  two  stamens 
in  place  of  one  nay 
be  compared  with  a 
compound  leaf  of  two 
leailels.  In  the  re- 
lated Fumitory  ftm- 
ily  three  stamens  r^- 
ularly  appear  in  the 
place  of  one.  The 
circles  of  the  flower 
are  in  twos  through- 
'"'  "'  out ;    \ix.    tliere    is, 

first,  a  pair  of  email  scale-like  sepals ;  alternate  with  these,  a  pair 

of  petals,  which,  in  Dicentni,  &c  (Fig.  369-371),  are  saccate  or 

spurred  below ;  alternate  and  within  these 

is  a  second  pair  of  petals  (Fig.  372)  ; 

alternate  with  these  are  two  clusters  of 

three  more  or  less  united  stamens,  which 

plainly  occupy  the  place  of  two  single 

stamens.      The  arrangement  of  parts  is 

shown    in  tlie    annexed  diagram    (Fig. 

373)  ;  whei-e  the  lowest  hne  indicates  the 

subtending  bratt,  and  therefore  the  anteri 

the  two  short  lines  in  the  same  plan 

Fia.  am     IHcenCn  Cncullsria  (Dntehmnn's-Bi 
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next  within,  the  lateral  and  exterior  petaUt  those  alternate  and 
within  these,  the  inner  cirele  of  petals  ;  and  alternate  with  tliese  are 
the  anthera  of  the  two  Btamen-cltister*.  Tlie  centre  is  occupied  by 
a  section  of  the  pistil,  which  consists  of  two  united.  The  three  sta- 
mens are  lightly  connected  in  DJcentra  (Fig.  371) ;  bot  in  Corydalia 
snd  Adlumia  tli<;re  u  only  one  strap-shaped  filament  on  each  side, 
wliich  is  three-forked  at  the  lip,  each  fork  bearing  an  anther  (Fig, 
874).  We  have  a  similar  case  in  some  Hypericams  and  in  Elodea 
(Fig.  373),  except  that,  while  the  floral  envelopes  are  in  fires,  the 
circles  within  them  are  commonly  in 
threes.  The  three  members  of  the 
andi-oscium  are  normally  placed,  alter- 
nating with  the  three  members  of  the 
gyiiKi^ura  within,  and  also  with  three 
glands,  which  probably  replace  another 
(MTcle  of  stamens.  Now  each  real 
stamen  is  here  multiplied  into  three, 
united  below ;  so  that  the  whole  compound  body  may  be  Tiewed  as 
homologous  with  a  compound  trifoliolate  leaf  (389).  If  this  be  so, 
then  each  cluster  of  numerous  stamens  in  the  common  St.  Johns- 
wort  may  be  regarded  as  answering  to  one  stamen  greatly  muhiplied 
in  the  same  way,  and  as  analogous  to  a  sessile  decompound  leaf. 
And  the  same  may  be  said  of  each  stamen-dusler  in  the  Linden 
(Fig.  383).  The  actual  development  of  the  cluster,  from  a  protu- 
berance which  in  the  forming  flower-bud  occupies  the  place  of  a 
single  stamen,  has  been  traced  by  Duchatre,  Payer,  &c  in  this  and 

457.  Thus  far  we  are  sustained  by  a  clear  analogy  in  (he  organs 
of  vegetation.     As  the  leaf  frequently  develops  in  the 
jtiy,  formof  a  lobed,  divided,  or  compound  leaf,  —  that  is,  as 

^M^       a  cluster  of  partially  or  completely  distinct  organs  from 
tS^       *  common  base, — £o  may  the  stamen,  or  even  the  pistil, 
VnI°/       become  compound  as  it  grows,  and  give  rUe  to  a  clus- 
Vjy       ter,  instead  of  completing  its  growth  aa  a  solitary  organ : 
*"         and  it  appears  that  the  organogeny  is  strikingly  sim- 
ilar in  the  two  cases.     Nor  is  it  very  unusual  for  petals  to  become 
divided  or  deeply  lobed  in  the  same  manner;  as,  for  example,  those 

no.  S75.    PUgnni(rmni«ectlnn1nr  ■  flcmror  Elad«iVlrg<i][a.    879.  Ona  o(  tlia  Dm* 
no.  377      A  paUl  of  UignMRtlr,  uilUKcd. 
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of  MigiHffMtte  (Fii;.  877).  In  certHin  cn^es  tui  anah^^oud  diviiiion 
tnke^  place  in  the  opposite  direction,  so  that  tlie  parts  or  lobes  are 
situated  one  before  the  other.  An  indication  of  tbia  is  also  mani- 
fest in  the  pelaU  of  Mignonette,  the  lower  part  or  broad  claw 
of  which  is  slightly  extended  at  its  eummit,  on  each  side,  beyond 
tlie  origin  of  the  many-cleft  limb  or  blade.  Diviaion  in  this  dirco 
tion  has  been  termed 

4oS.  TraBinnc  or  Tertinl  Choriiii.  The  most  familiar  ca»e  is  thiu 
of  the  crtnon,  or  small  and  mostly  two-Iobtd  ap- 
pendage on  tlie  inside  of  the  blade  of  the  pelaU 
of  Silene  (Fig.  378)  and  of  miuiy  other  Caryo- 
phyllaceous  phmt^  Tiiis  is  more  like  a  ease  of 
real  dedoubUmaU  or  wdiiiing,  i.  e.  a  j>artial  repa- 
ration of  an  inner  lamella  from  the  outer,  and 
perhaps  may  be  so  Tiewed.  Stamens  sometimes 
bear  a  similar  and  more  striking  appendage,  as 
in  Larrea,  for  example  (Fig.  379),  and  most 
other  plants  of  the  Guaiacum  family  ;  also  in  the      *^ 

Dodder  (Fig.  1044).     Let  it  be  noted  that  in  all  such 
cases  the  appendage  occupies  the  inner  side  of  the  petal 
or  stamen,  and  that  it  is  commonly  two-lobed.     Again, 
before  each    petal  of   Pamassia    (Fig.   381),  although 
slightly  if  at  all  united  with  it,  is  found  a  body  which  in 
P.  palustris  is  somewliiit  pelul-Iike,  with  a  considerable 
number  of  lobes,  and  in  P.  Cafoliniana  is  divided  almost 
"*        to  the  base  into  three  lobes,  which  look  much  like  abortive 
stnmens.     The  true  slam- 
ineal  circle,  however,  oc- 
cupies   its    proper    place 

within     these     ambiguous  u^v^^ 

bodies,  alternate  with  the  u  (k    /JL^- 

petals.     We  cannot  donbt  '^Ip-.illlli/'^  ^ 

that  the  former  are  of  the  ft  V<»-,    .-~>  o^ 

same  nature  as  the  scale  \?^£^     ^ 

of  the  stamens  in  Larrea, 
and  the  crown  of  the  petals  "' 


Fio.  sn. 

«a  Uw  iDDcr  Mt. 
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of  Silene ;  and  we  incline  to  consider  the  accessory  body  in  sucU 
<:ases  as  homologous  with  the  stipules  of  the  leaf.* 

459.  It  may  also  be  noticed,  that,  while  in  collateral  chorisis  the 
increased  parts  are  usually  all  of  the  same  nature,  like  so  many 
similar  leaflets  of  a  compound  leaf,  in  what  is  called  transverse  cho- 
risis there  is  seldom  such  a  division  into  homogeneous  parts ;  but  the 
original  organ  remains,  as  it  were,  intact,  while  it  bears  an  append- 
age of  some  different  ^peai-ance  or  function  on  its  inner  face,  or 
at  its  base  on  that  side.     Thus  the  stamens  of  Larrea,  &c  bear 


*  For  fuller  illustrations  of  these  theoretical  points,  the  student  is  referred  to 
the  figures  and  text  of  The  Genera  of  the  United  ^utes  Flora  Illustrated,  espe- 
cially to  Vol.  2.  —  An  able  writer  in  Hooker's  Journal  ofBotavy  andKew  Garden 
MiacdUiny,  Vol.  1,  p.  360,  (with  whom  we  are  in  accord  as  to  the  nature  of  col- 
lateral chorisis,)  "  being  totally  at  a  loss  to  find  anything  analogous  in  the 
ordinary  stem-leaves  "  to  this  transverse  or  vertical  multiplication  of  parts,  in- 
clines to  consider  such  appendages  as  those  of  the  petals  of  Silene,  Sapiudus, 
Ranunculus,  &c.  as  deformed  glands,  and  the  stamens  thus  situated,  whether 
singly  or  in  clusters,  as  developments  of  new  parts  in  the  axil  of  the  petals,  &c. 
It  appears  to  us,  however,  that  the  leaves  do  furnish  the  proper  analogue  of 
such  appendages  as  those  of  Fig.  378-381,  and  the  similar  petaloid  scales  of 
Sa^indaoesB,  Erythroxylese,  and  the  like,  in  the  ligule  of  Grasses,  and  the  stip- 
ules.   The  former  occupies  exactly  the  same  position.    The  latter  form  an 
essential  part  of  the  leaf,  and  usually  develop  in  a  plane  parallel  with  that  of 
the  blade,  but  between  it  and  the  axis  ;  particularly  when  they  are  of  consider- 
able size,  and  serve  as  teguments  of  the  bud,  as,  for  example,  in  Magnolia  (Fig. 
156).     The  combined  intrapetiolar  stipules  of  Melianthus  furnish  a  case  in 
point,  to  be  compared  with  the  two-lobed  internal  scale  of  the  stamens  in  Lar- 
rea,  the  two-cleft  adnate  appendage  of  the  petals  in  Car}*ophylIc£e,  Sapindus, 
.  &c. ;  and  instances  of  cleft  or  appendaged  stipules  may  readily  be  adduced  to 
show  that  such  bodies  are  as  prone  to  multiplication  by  division  as  other  foliar 
parts.    The  supposition  of  a  true  axillaiy  origin  of  the  organs  in  question, 
therefore,  appears  to  be  gratuitous,  and  it  would  certainly  introduce  needless 
complexity  into  the  theory  of  the  flower.    Nor  does  it  throw  any  light  upon 
their  morphology  to  call  such  appendages  of  petals  "  deformed  glands  ** ;  a  term' 
^which  is  much  too  vague  to  have  any  assignable  morphological  Value.     In 
Xiinum  true  stipules  are  reduced  to  glands.     At  present,  therefore,  we  think  that 
the  same  general  name  may  properly  enough  be  employed  both  for  the  collateral 
and  the  vertical  multiplication  of  organs,  where  two  or  more  bodies  occupy  the 
place  of  one,  carefully  distinguishing,  however,  the  two  different  cases.     Some 
special  term  is  needful  for  discriminating  between  such  multiplication  and  that 
by  the  regular  augmentation  of  floral  organs  through  the  development  of  addi- 
tional circles,  and  none  the  less  so,  because  wo  rccf^gnize,  in  One  or  both  kinds 
ofchorms,  modes  Of  dinsibn  which  are  common  to  the  floral  organd  and  to  the 
foliage. 
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■  B«ile-1ik«  sppendnge ;  the  petftl*  of  Sspindn^,  Carfliospennimi, 
Jm^t  a  petaloid  scale  quite  onlike  the  original  petal ;  the  petals  of 
Pamassia,  a  cluster  of  bodies  resembling  sterile  filaments  united 

460.  The  Antepoiilion  or  mperposition  of  pnrts  which  normally 
attentate  in  tlie  flower  has  in  some  cases  been  regarded  as  a  cn5«  of 
transverse  chorisis ;  but  it  is  susceptible  of  a  simpler  expLmation. 
The  principal  case  that  occurs  is  that  of  the  stamens,  or  the  outer- 
most circle  of  stamens,  being  placed   directly   before  the    petals 

(in  ordinary  botanical  lan- 
y^*^^^^^^^^^  guage  opposite  the  ptetals). 

^^;^^f^<Jv  TheVine  (Fig.  384-386) 

\ii^C^^\^  and  the  Buckthorn  fiimilies 

^  Wo'^w/i'  "^  S«xl  examples  of  this 

VV'-iSSf   J/}  anomaly,  as  also  is  Clay- 

^i^^^^y  tonia  in  the  Purslane  fam- 

*■  "'  ily.     And  in  Linden  and 

many  of  its  allies  a  cluster  of  stamens  (Fig.  S82,  383)  Etsnds  be- 
fore each  petal,  the  American  Lindens  •"  " 
having  al^o  a  petal-like  scale  in  the 
centre  of  every  cluster.  The  clusters 
must  be  viewed  as  muhi plications  of 
Biiigle  stamens  by  collateral  chorisia. 
The  position  of  the  stamens  before 
the  petals  in  these  cases,  as  well  as 
that  of  the  iiumeTOus  peials  in  certmn 
double  Camellias,  arranged  through- 
out in  five  reilical  iiinks,  is  most 
readily  explained  by  supposing  a  re- 
turn to  the  regular  |  or  five-raiiked 
phyllotaxis  of  leaves  (340).                                          m 

461.  In  the  genuine  Geranium  (Fig.  421)  the  position  of  the  outer 
of  the  two  sets  of  stamens  before  the  petals  evidently  results 
from  the  aborticHi  of  an  exterior  circle  (466) ;  and  perhaps  this  is 
the  case  in  the  Primrose  iamily  al-jo.  In  the  Barberry  family  there 
is  an  apparent  anteposilion  of  the  sepals,  petals,  and  stamens  through- 
no.  382.  ttepwn  oC  Uh  1 
Wia.  est.    Flower  or  Ui*  or 
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out  But  this  arises  from  the  symmetrical  aagmentation  of  each  set 
of  organs  into  two  circles,  which  in  the  expanded  flower  appear  like 
one.  In  the  flower-b|id  of  the  Barberry  the  calyx  is  seen  to  consist 
of  two  alternating  circles  of  sepals,  three  in  each ;  the  corolla,  of  two 
circles  of  petals,  three  in  each ;  the  three  exterior  petals  alternating 
as  they  should  with  the  inner  circle  of  sepals,  and  the  three  interior 
ones  alternating  with  these.  But  when  the  flower  opens,  the  six 
petals,  spreading  apparently  as  one  whorl,  are  necessarily  opposed 
to  the  six  sepals ;  and  the  six  stamens  in  two  circles,  which  are  still 
more  confluent  into  one  whorl,  are  equally  opposed  to  these,  taken  six 
and  six ;  although  they  really  alternate  in  circles  of  three.  In  other 
words,  decussating  verticils  of  thi*ees  necessarily  form  six  veitical 
ranks  (251,  441).  It  is  just  the  same  in  the  Lily,  Ci*ocus,  and  most 
Monocotyledonous  plants ;  where  the  perianth  is  composed  of  six 
similar  leaves  in  two  circles,  and  the  androccium  of  six  stamens  in 
two  circles,  giving  a  regular  alternation  in  threes ;  although,  when 
taken  by  the  casual  observer  as  composed  of  two  circles  of  six,  it 
gives  the  appearance  of  six  stamens  before  as  many  petals. 

462.  The  Coaleseenfe  or  union  of  the  pai*ts  of  the  same  whorl  or 
set  of  organs  is  so  frequent,  tlmt  few  cases  are  to  be  found  in  which 
it  does  not  occur,  to  a  greater  or  less  extent,  in  some  portion  of  the 
flower.  When  the  sepals  are  thus  united  into  a  cup  or  tube,  the 
calyx  is  said  to  be  manosepcdous^  or,  more  correctly,  gamosepalous  ; 
when  the  petals  are  united,  the  corolla  is  said  to  be  numapetalousj  or 
gamopetalotis.  The  latter  is  the  appix>priate  tei*m,  as  it  denotes 
that  the  petals  are  combined ;  but  the  foimer  is  in  common  use,  air 
though  etymologically  incorrect,  as  implying  that  the  corolla  consists 
of  a  single  petal.  The  current  names,  in  these  cases,  were  given 
long  before  th(5  structure  was  rightly  understood.  So,  also,  such  a 
calyx  or  corolla  is  said  to  be  entire^  when  the  sepals  or  petals  are 
united  to  their  very  summits ;  or  to  be  toothed,  lobed,  cleft,  or  paHedy 
according  to  the  degree  in  which  the  union  is  incomplete ;  this  lan- 
guage being  employed  just  as  in  the  case  of  the  division  of  leaves 
(281).  On  the  other  hand,  when  the  sepals  are  not  united,  the  calyx 
is  said  to  be  polysepulous ;  and  when  the  petals  are  distinct,  the 
corolla  is  said  to  be  pclypetcdovts ;  that  is,  composed  of  several 
petals. 

463.  The  union  of  the  stamens  with  each  other  may  occur  either 
by  their  filaments,  as  in  the  Pea  and  most  of  the  Pulse  family,  or  by 
their  anthers,  as  in  the  Sunflower  and  the  whole  Comi)Or5ite  family,  or 
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b;  both  the  filaments  and  the  anthers,  as  in  Lobelia  and  the  Gonrd. 
An  account  of  the  tnodea  of  ench  union,  and  of  the  temu  employed 
to  express  them,  may  be  found  in  Section  VI.  The  union  of  the 
piatib  is  still  more  common  than  that  of  stamens,  and  is  illustrated  in 
Seetion  VIL 

464.  The  terms  union,  eohtnon,  and  the  like,  must  not  he  under- 
stood to  imply  tluit  the  organs  in  question  were  lirst  formed  as 
distinct  parts,  and  subsequently  cohei«d.  This  is  seldnn  the  case. 
The  union  is  congenital ;  the  members  of  a  garoosepaloua  calyx,  a 
gamopetalons  corolla,  &c;  «howed  their  unkm  from  the  earliest 
jieriod.  The  language  we  use  has  reference  to  onr  idea  of  these 
parts,  03  answering  each  to  a  single  leaf.  We  might  more  cor- 
rectly say  that  the  several  leaves  of  the  same  circle  have  failed  to 
isolate  themselves  as  they  grew.  The  same  remark  appUes  to  the 
analogous  case  of 

465.  Adnalion,  or  CoimlidlUffll,  the  union  of  different  circles  of 
floral  organs  with  one  another.  This  may  take  place  in  various  de- 
grees. It  presents  the  appearance  of  one  cirale  or  set  of  parts  grow- 
ing out  of  another,  as  the  corolla  out  of  the  calyx,  the  stamens  out  of 
the  corolla,  or  all  of  them  out  of  the  pistil ;  and  therefore  dt^uises 
the  real  origin  oS  the  floral  organs  from  the  rece[rtacle  or  axis,  in 
successive  series,  one  within  or  above  the  other  (421).  The  con- 
sideration of  the  flower  as  respects  such  consolidation,  or  its  ab- 
sence, gives  rise  to  three  terms  which  are  much  used  in  descrip- 
tive  botany,  and  which  the  student  should  thoroughly  understand, 
TIK.  hypoggnout,  ptrigytwm,  and  epigynous. 

466.  The  first  of  these 
terms  applies  to  the  case  in 
which  there  is  no  adnation  or 
consolidation  of  unlike  parts. 
Tliat  is,  when  the  calyx, 
corolla,  and  stamens  are 
boi-ne  (i.  e.  iitterted)  on  the 
receptacle,  they  are  said  to 
be  hgpoffynotut  (from  two 
Greek  words  meaning  under 
the  pistil),  as  in  Buttercup,  Flax  (Fig.  387),  &c  The  floral  organs 
in  subleases  ar«  also  <aid  to  he /rM,-  whidi  is  the  term  opposed  to 

riO.SST.    YotinlMUniiifftfiDwcrsfthaC-omiiisaFlk^ilwriBg  ttMDoranluhnr 
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the  ltdhesion  of  one  orgnn  to  another,  as  that  of  diainct  is  to  the 
cohesion  of  the  parte  of  the  same  whorl  or  get  of  organs.  ThuA,  the 
stamens  are  said  to  be  ditiiiict,  when  not  united  witli  each  other,  and 
lo  be  five,  when  they  contract  no  adhesion  to  the  petals,  sepals,  or 
pblils ;  and  the  same  hmguage  is  equally  applied  lo  all  the  floial 
otfjaoa.  Tlie  -word  connote  (bora  uuiled)  is  applied  either  to  tlie 
congenital  union  of  homogeneous  parts  (as  when  we  say  that  the  two 
leaves  of  the  upper  paifa  of  the  Honeysuckle  are  connate.  Fig.  294, 
tliesepaldor  stamens  are  connate  into  a  tube,  or  the  pistils  into  a 
CWQpound  pistil),  or  to  the  coalescence  of  hetei-ogeneoua  parts  (as 
that  of  the  petals  with  the  calyx,  or  of  both  with  the  pistil).  But 
the  ivord  adnate  belongs  to  the  latter  case  only. 

467.  When  such  consolidation  takes  place,  and  the  pelaU  and 
stamens  (which  a]mo«t  always  accompany  each  other),  or  either  of 
them,  are  inserted  on  the 
ealyx,  i.  e.  are  adnate  with 
the  base  of  the  calyx  (as  in 
the  Cherry,  fig.  388,  or 
Pnrskne,  Fig.  389),  they  are 
said  to  be  periffyitoia  (liter- 
ally, placed  around  the  pis- 
til). The  real  origm  of  the 
paits  must  be  the  Game  as  in  m 

the  ftii-mer  case,  that  is,  the 
pails  i-eally  belong  to  the  re< 
eeptacle,  m  successive  circles, 
oiie  above  or  within  the  other, 
fir£t  the  sepals,  then  the  pet- 
als, within  these  the  stamens, 
and  williin  or  above  these 
tlie  jHstiU ;  but  the  true  origin  *** 

or  pa-jition  of  some  of  the  parts  is  hero  obscured  by  the  adnation,  at 
their  base  at  least,  of  parts  which  are  normally  separate.  In  Fig. 
388,  the  petals  and  stamens  are  adnate  to  the  lower  part  of  the 
calyx,  but  all  are  free  from  the  {Hstih  But  in.  Fig.  389,  all  four 
oi^ans  ore  orasfdidated  below,  as  far  as  to  the  middle  of  the 
ovary. 

,  no.  ass.    Taitkal  NottDBflf  kOsvnora*  <AnT,  lo  ibxr  Uw  p«ilf7noBi  tuBtkmif 
riO  jBa.    SlmiluMiitlaBif  awaBo««(lh*FBiMiM,^a*iDt>s>dultai<rp>rtiwKI> 
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468.  In  Ihe  Apple,  Hawthorn  (Fig.  800),  and  mnny  other  plants, 
Llie  consolidation  extendi  farther,  and  the  caljnc  it  adnata  to,  i.  e. 

invests  and  coheres  with  the 
wliole  surface  of  the  ovmy, 
wliich  accordingly  appears 
to  be  under  flie  rext  of  the 
flower,  in.slead  of  the  upper- 
most and  innermost  part,  as 
it  properly  is.  The  earlier 
botanists  called  the  Jlower, 
^  or  calyx,  in  such  cases,  »upe- 

rior,  and  the  ovary  and  fruit 
inferior ;  and  when  no  such  consolidation  occura,  the  flower,  or 
calyx,  &e.  was  satd  to  be  inferior,  and  the  ovary  tuperior.  But 
these  term^  should  be  Ruperi^eded  by  the  equivalent  and  mudi  more 
appropnate  expressions  of  cn/yi  adherent,  in  tlie  one  case,  and  ealgx 
free,  in  the  other  ;  or  by  that  of  ovary  coherent  with  tlte  eaJyx,  and 
OTary  free  from  the  calyx,  which  is  the  same  tiling  in  other  word** 
More  commonly  the  corolla  and  the  stamens  ai-e  adnate  to  the 
calyx  beyond  where  these  parts  all  separate  from  the  pistil ;  in  which 
case  they  are  still  perigynottt,  or  borne  on  the  cnlyx.  In  some 
Each  oases,  as  in  tlie  Kvening  Fiimrose  and  Fuchsia,  the  tube  of 
the  calyx  is  prolonged  fur  beyond  the  ovary,  and  the  petals  and 
stamens  are  inserted  on  it  just  below  where  it  separates  into  itd 
distinct  lobes. 

469.  In  other  jlowers  the  petals  and  the  stamens  are  distinct  at 
the  line  where  the  calyx  separates  from  the  top  of  the  ovaiy,  or  are 
home  on  the  edge  or  face  of  a  thickened  disc  (489)  which  crowns  its 
Bummit,  as  in  Aralia  (Fig.  410),  the  Jvy,  and  all  that  fiimily,  in  the 
whole  Parsley  family,  the  Cornel  family,  the  Cranberry  (Fig.  391), 
and  the  like.  The  stamens,  &c.,  being  then  appiirently  borne  on  the 
ovary,  are  said  to  be  epigyrtotu  (from  two  Greek  words  meaning 
"on  the  pistil"), 

•  A  farorito  view  at  pTcaent  Is  that  the  calyx  in  insny  easeB-(as  in  the  Itoee, 
Apple,  &c.)  actoallT  b^inj  at  the  place  wbere  it  is  distinct  from  ilie  porta  with^ 
in,  and  that  the  so-called  lobe  la  the  eammit  o(  the  pednncle  hollowed  out,  or 
developed  around  the  pistils.  This  view  can  be  correct  in  certain  caacs  only, 
tni  the  di&^nce  between  ii  and  tlie  current  vkW  is  really  not  eo  great  aa  it 
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470.  In  same  few  plants  the  stamens  continue  this  adnation  k  little 
further,  and  cohere  with  tlie  style,  uiher  with  its  base  only,  as  in 
some  species  of  A»anim,orwithils 

whole  len^h,  as  in  Cypripedium 
(Fig.  468)  and  the  whole  Orchis 
family.  Then  the  flower  is  said 
to  be  gynemdrmu  ; — irran  two 
Greek  words  equivalent  in  mean- 
ing to  stamens  and  pistil  com- 
Uned  (519). 

471.  Imgnltritr.     The  flower 
is  irreffular  when  the  parts  of  its 

difierent    drcles,  or  of  one    or  ■*■ 

more  of  them,  are  not  all  alike  in  number, 
sliape,  or  size.  Irregulai-ity  may  be  the  re- 
sult, therefore,  either  of  the  abortion  or  dis- 
appearance of  Eome  parts,  or  of  their  un- 
eqwd  development  or  unequal  union.  The 
latter  case  may  be  first  considered. 

472.  The   Pea  tribe   affords  a  familiar 
*"  illustration  of  trreffular  flowers  arising  from 

tbe  unequal  size  and  dissimilar 
form  of  the  floral  envelopes; 
especially  of  the  corolla,  which, 
from  a  fancied  resemblance  to  a 
butterfly  in  the  flower  of  the 
Pea,  Locust  (Fig.  392),  &C.,  has 
been  called  papitionaetout.  The 
petals  of  such  a  corolla  are  dis- 
tinguished by  separate  names ; 
lithe  upper  one,  which  ia  usually 
most  conspicuous,  being  t«rmed 
the  vexillum,  ttandard,  or  banner 
(Fig.  392',  a) ;  the  two  lateral 
(£)  are  called  mingi  {ala),  and 
the  two  lower  (c),  which  are 
usually  somewhat  united  along  their  anteriM-  edges,  and  together 
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form  A  bodj  in  tha.pt  reftembling  the  kttel,  or  rather  the  luitTDw 
prow,  of  an  ancient  vessel,  are  named  the  carina  or  httL  The  calyx 
of  the  same  blositom  is  slightly  irregular  by  the  unequal  union  of 
parts,  the  two  upper  sepald  being  united  higher  tlmn  the  Otlier  three. 
In  Baptisia  these  two  sepab  are  coalescent  to  tlie  tip,  or  nearly  e«, 
causing  the  calyx  to  ap- 
pear as  if  fOmed  of  four 
sepals  instead  of  five  In 
most  Lupines,  not  only  are 
the  two  upper  sepals  coa- 
leecent  into  one  hody  near- 
ly or  quite  to  the  tip,  hut 
th6  three  remaining  Mies 
'  are  likewise  united  into 
one  body,  on  the  lower  side 
of  the  flower,  thus  giving 
(he  calyx  the  appearance 
of  consisting  of  two  petals 
"  in  place  of  five.     The  ir- 

regularity of  papilionaceous  flowers   likewise  afiecla   the  stamens, 
wliich,  although  of  symmetrical  number,  „) 

viz.  ten,  or  two  circles,  are  in  most  cases 
unequally  coalesceiit,  nine  of  them  being 
united  by  the  cotiesion  of  their  filaments 
for  the  greater  part  of  their  length, 
while  tlie  tenth  (the  posterior)  stamen 
is  distinct;  as  is  illusti-ated  in  the  seo 
tion  on  the  stamens  (518).  But  in 
Amorpha  (Fig.  895),  which  belongs  to 
the  same  tribe  of  plants,  the  ten  stamens 
are  united  barely  at  their  base ;  and 
there  is  a  complete  return  to  regularity 
in  tliose  of  Baptisia  (Fig.  394)  and 
Sophora,  which  are  perfectly  distinct  or 
separate.  Tbe  Violet  (Fig.  S»7)  <rffers 
anotJier  very  fkmitiar  form  of  irregu- 
lar flowers  ;  the  irregnlari^  belonging 
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Riainly  io  the  corolla,  the  lower  'petnl  of  which  is  prolonged  back- 
ward into  a  sac  or  spur»  The  Larlnspur^and  Monkshood  (Fig.  398— 
402)  ai*e  irregular  hoth  in  the  calyx  and  the  coix)lla9  not  only  by  a 
diversity  in  the  size  and  shape  of  homologous  1)8118,  but  also  by  Uie 
suppression  of  some  of  them.  We  may*  therefore  consider  them 
under  the  next  head. 

473.  Of  iiTegular  monopetalous  flowers  the  most  common  form  is 
the  bilabiate  or  two4ipped,  as  in  the  corolla  of  the  Sage,  Snap- 
dragon, and  most  of  the  large  families  to  which  they  beloiig  (Fig. 
460)  : .  this,  like  the  calyx  of  the  Lupine,  described  above,  arises 
from  the  unequal  union  of  the  parts.  Tlie  same  is  the  case  with 
the  two-lipped  corolla  of  the  Woodbine  and  other  Honeysuckles, 
only  here,  instead  of  two  lobes  or  petals  foiining  tlie  upper  lip  and 
three  the  lower,  four  petals  enter  into  the  composition  of  the  up^ier 
lip,  leaving  only  one  for  the  lower  (Fig.  861).  Tlie  Trumijet 
Honeysuckle  returns  nearly  to  regulai-ity  again,  the  whole  five 
petals  being  ooalescent  into  a  tube  to  near 'the  top,  leaving  an  al- 
most equally  five-lobed  boi*der.  The  corollas  of  Germander  (Fig. 
996)  and  of  Lobelia  (Fig.  902)  are  fui-tlier  iiTegular  by  a  want  of 
union  on  the  upper  side  of  the  blossom :  and  the  Ululate  or  open 
and  strap-shaped  coix)lla  of  Coreopsis  (Fig.  32o,  c)  and  other  Com- 
positse  evidently  answers  to  such  a  i*egular  'monopetalous  coix)lla  as 
a,  split  doAvn  on  one  side  and  outspread. 

474.  Suppresuon  or  Abortion,  tliat  is,  the  complete  or  the  partial 
obliteration  of  some  member,  is  a  common  cause  of  iiTegularity. 
The  term  suppression  is  used  when  parts  which  belong  to  the  plan 
of  the  blossom  do  not  actually  appear  in  it.  The  tenn  abortion  is 
applied  not  only  to  such  disappearance,  but  to  partial  obliteration, 
as  where  a  stamen  is  reduced  to  a  naked  filament,  or  to  a  mere  rudi- 
ment or  vestige,  answering  to  a  stamen  and  occupying  the  place 
of  one,  but  incapable  of  pei'foi'ming  its  office.  Such  obliteration, 
whether  pai*tial  or  complete,  may  affect  either  a  whole  circle  of 
organs  or  merely  gome  of  its  members.  Tlie  former  interferes  with 
the  completeness  of  a  flower,  and  may  obscure  the  normal  order  of 
its  parts.  The  latter  directly  interferes  with  the  symmetry  of  the 
blossom,  and  may  be  first  considered. 

475.  Suppression  of  some  Parts  of  a  Cirde  of  Oi^ins.    The  Larkspur 

and  Aconite  or  Monkshood  furnish  good  examples  of  flowers  which 
are  both  irregular  and  sjrmmetrical.  Tlie  calyx  of  the  Laricspur 
?Flg."3d8,'  399)"  13  u*rcgular'  by  reason  6f  the  dissimilarity  of  the  five 
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wpRiK,  one  of  which,  the  appermmt  and  largest,  is  prolonged  poste> 
riorly  into  a  long  and  bollow  Hpiir.    Within  these,  and  alternate  with 


them  as  far  as  they  go,  are  the  petals,  only  four  in  number,  and  these 
of  two  shapes,  the  two  upper  ones  having  long  spurs  which  are  re- 

fln  Hpiila  (oattr  dnk)  uid  Out  four  vtUit 


ukd  eactowUr^hiified  patils  dlrpla^sd :  i 
OtODnd-plio  of  tin  Ol/I  uid  coivlte ;  tlu 
pnuadpaitB. 


)F  Moukibood     402  Tin  Bit  wp*la  u 
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ceived  into  the  spur  of  the  upper  sepal ;  the  two  lateral  ones  having 
a  small  but  bi*oad  blade  raised  on  a  stalk-like  claw ;  and  the  place 
which  the  fiflh  and  lower  petal  should  occupy  (marked  in  the  gixmnd 
plan,  Fig.  400,  by  a  short  dotted  line)  is  vacant,  this  petal  being  sup- 
pressed, thereby  rendering  the  blossom  unsymmetrical.  In  Aconite, 
(Fig.  401,  402)  the  plan  of  the  blossom  is  the  same,  but  the  upper- 
most and  largest  of  the  five  dissimilar  sepals  forms  a  helmet-shaped  or 
hood-like  body ;  and  as  to  the  petals,  three  are  wanting  altogether 
(their  places  are  diown  by  the  dotted  lines  in  the  ground  plan.  Fig. 
403)  ;  the  two  upi)er  ones,  which  extend  under  the  hood,  only  re- 
main, and  these  are  so  reduced  in  size  and  so  anomalous 
in  shape  that  they  would  not  ordinarily  be  recognized  as 
petals.  One  of  them  enlai*ged  is  exhibited  in  Fig.  404. 
Petals,  &c.  of  this  and  other  extraordinary  forms  were 
termed  by  Linnaeus  Nectaries^  an  unmeaning  or  mislead- 
ing name,  as  they  are  no  more  likely  to  secrete  honey 
than  ordinary  petals  are. 

476.  The  papilionaceous  corolla  (472) 
becomes  strikingly  unsymmetrical  by 
suppression  in  Amorpha  (Fig.  395). 
Here  the  corolla  is  uniformly  reduced  to 
a  solitary  petal  (the  standard),  the  other 
four  petals  being  totally  obliterated. 
This  oblitei*ation  is  foreshadowed  in  Eiy- 
thrina  herbacea  of  the  Southern  States,  and  other 
species,  in  which  all  the  petals  except  the  standai^ 
are  small  and  inconspicuous.  While  the  blossom 
of  the  common  Horsechestnut,  although  in-egular, 
is  symmetrical,  so  far  as  respects  the  calyx  and 
corolla,  that  of  our  nearly  related  Buckeyes  gener- 
ally wants  one  of  the  five  petals,  a  vacant  place  on 
the  anterior  side  of  the  flower  indicating  its  absence. 

477.  The  suppression  or  abortion  of  some  of  the 
stamens  requisite  to  the  symmetry  of  the  blossom  is 
According  to  the  oi-dinary  view,  the  six  stamens  of 

the  flowers  of  the  Mustard  family  (Fig.  405,  406),  where  the  sepals 
and  petals  are  in  fours,  is  explained  by  supposing  that,  out  of  two 
circles  of  stamens,  four  in  each,  two  stamens  of  the  outer  circle  are 


404 


very  common. 


VIQ.  404.    One  of  the  petals  of  an  Aconite  or  Monkshood,  enlaiged. 

FIO.  405.  Flower  of  Mustard     406.  Its  six  stamens  and  the  pistil,  enlarged. 

22* 


258  THB   rt-OWBR. 

■Dpfirewed.  But  we  incline  to  the  opinkin  ihitt  this  Rort  of  flonrr 
is  rendered  unsymmetrical,  not  by  tl>e  Buppreiision  o[  two  etioil  sm- 
tnciu,  but  by  the  cborisis  or  dirisirai  of  the  two  Blametiij  esch  into  a 
pair  (436,  Fig.  8G8). 

478-  Most  fiowera  which  are  irregnkr  by  the  nnequal  union  of 
vr  the  petaLi,  e^pemlly  those  with  a  bi- 

JaMote «ondlii  (473,  511), are  likewise 
nnsytntnctrical  by  tlw  aboi-tion  of  one 
or  more  of  the  stamens.  In  tlie  Cat- 
nip, Bahn,  &c^  and  in  tlie  .Snapdragon, 
MMikey^k>wer,  Fosglove,  and  tlie 
lilce,  as  al^o  in  Geraixlia  (Fig.  407), 
where  the  corolla  is  only  slightly  ir- 
i^alar,  four  stamens  occupy  their 
prt^r  places  alternate  with  its  kixs, 
but  the  fifth  stamen  is  altc^tlicr  wnut- 
ing.  In  its  place,  liowever,  the  corolla 
of  the  Figwort,  belonging  to  tlie  same 
family  as  the  Snapdragon  and  Ge- 
mrdia,  bears  a  small  scale,  and  that  of 
Cheltme  and  Pentstemon  (Fig.  408) 
bears  an  aniherless  filament,  whicli, 
from  its  position,  must  be  ilte  wanting 
stamen,  in  an  abortive  state ;  and  in 
one  species  it  has  actually  been  foimd 
with  a  perfect  or  an  imi»ei-fect  anther, 
completing  the  sj^nmetiy  c^  the  tlow- 
er.  The  four  pertect  stamens  iu  tUc^ 
cases  are  of  unequal  lenglli,  two  of 
them  being  longer  than  tlie  other  two 
*»  (i.   e.    they   are   didynamout,   520). 

The  two  shorter  stamens  also  disappear  in  many  aui;h  plants,  as  in 
Graliola  or  Hedge-Hyssop,  —  sometimes  leaving  vestiges  in  their 
place,  and  sometimes  not;  also  in  Sage,  Horse-Mint,  and  tlie  like. 
Here  three  stamens  out  of  five  are  suppressed.     So  they  commonly 

no   407.     Cnn^  of  OHKnlkpDrpara  laid  C]«a,irttbUia  four  ■Mtneni    Ihn  plice  irbtch 
'the  linii  shoBllt  occupy  indicUal  by  acrt™ 
FIG.  408     ConlU  or  PenUlcmaii  gnndlBo 
fllADWDt  Id  UteplofGOT  tbafinh  ■timen. 
FIG.  409.    Condi*  of  CaUlpa  klj  opuu,  *iUi  Iwo  perf«t  iti 
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are  in  the  l>k)ssom  of  Cntalpa  (Fig.  409) ,  but  their  vestiges  remain 
in  the  form  of  small  sterile  filaments,  two  of  which,  however,  ocGa-> 
Kionally  bear  anthers,  either  perfect  or  rudimentary. 

479.  The  suppression  of  a  portion  of  the  pistiU  required  to  com* 
])lete  the  symmetry  of  the  flower  is  exceedingly  common.  The 
tendency  to  obliteration  seems  to  increase  as  we  advance  towards 
the  centre  of  the  blossom,  owing,  doubtless,  to  the  greater  pressure 
exerted  on  the  centi*al  parts  of  the  bud,  and  the  progressively  di- 
minished space  the  organs  have  to  occupy  on  the  conical  receptacle. 
Thus,  wliile  the  corolla,  when  present  at  all,  almost  always  consists 
of  as  jnany  leaves  as  the  calyx,  the  members  of  the  stamineal  circle 
or  circles  are  frequently  fewer  in  number,  and  the  pistils  are  still 
more  commonly  fewer,  excepting  where  the  axis  is  prolonged  for 
the  reception  of  numerous  spii-al  cycles.  Thus,  the  pistils,  which 
present  the  symmetrical  number  in  Sedum,  and  all  plants  of  tliat 
family  (Fig.  334, 335^355, 361),  are  reduced  to  two,  or  rarely  three, 
in  the  allied  Saxifrage  family,  while  the  other  floral  circles  are  in 
fives.  So,  in  the  Wild  Sarsaparilla  (Fig.  410)  and  Spikenard,  the 
flowers  are  pentamerous  throttghout,  although  the  ovaries  of  the  five 
pistils  are  unified -into  one;  but  they  are  reduced  to  three  in  the 
Ground-nut,  and  to  two  in  the  Ginseng,  belonging  to  the  same  genus, 
as  also  in  all  UiAbelliferous  plants.  Although  the  pistils  are  in- 
definitely augmented  in  the  Rose,  Sti*awberry,  and  the  greater  part 
of  Rosaceous  plants,  or  are  of  the  normal  number  five  in  Spiraea, 
yet  there  are  only  two  in  Agrimonia,  one  or  mrely  two  in  Sangui- 
Eorba,  and  uniformly  one  in  the  Plum  and  Cherry  (Fig.  388), 
although  the  flowers  of  the  whole  order  are  formed  on  the  pentame- 
rous, or  sometimes  the  tetrameivus  plan,  and  with  a  strong  tendency 
to  augmentation  of  all  the  organs.  And  the  PuLje  family  has,  almost 
without  exception,  ^ve  members  in  its  fioral  envelopes,  and  ten,  or 
two  circles,  in  its  stamens,  but  oiily  a  single  pistil  (Fig.  358). 

\  480.  Soppftssion  of  onfi  or  more  whole  Circles.    A  complete  flower, 

as  already  remarked.  (416),  comprises  four  whorls  oc  sets  of  orgaas ; 
namely,  calyx,  corolla,  stamens,  and  pistils.  When  any  of  tliese  four 
circles  or'  kinds  of  organs  are  wanting,  the  flower  is  said  to  be  in- 
complete. The  non-production  of  any  one  or  more  of  the  whorls  is 
not  uncommon.  The  calyx,  however,*  is  seldom  if  ever  wanting 
when  the  corolla  is  present,  or  rather,  w^hen  the  floral  envelopes  con- 
sist of  only  one  whorl  of  leaves,  they  are  called  calyx,  whatever  be 
their  appearance,  texture,  or  color,  unless  it  can  somehow  be  sliowii 
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that  an  outer  circle  is  suppressed.*  For  since  tlie  calyx  is  fre- 
qnenily  delirate  aad  petnl-like  (in  botanical  language  petaloid  or 
colored),  and  tlie  corolla  scHnetimes  greenish 
or  kuf-like,  tht  only  real  difference  between 
the  two  is,  that  the  calyx  represents  the 
outer,  and  the  corolla  the  inner  series ;  and 
even  ihii  dutinclion  becomes  more  or  less 
arbitrary  wlien  either,  or  both,  of  tliese  or- 
gans coTuint  c^  more  than  one  circle.  The 
apparent  obliteration  of  the  calyx  in  some 
*'°  cajiea  ia  owing  to  the  entire  colie.sion  of  the 

tube  with  the  ovary,  end  the  reduction  of  the  free  poi'tion,  or  limb, 
to  an  obscure  ring  or  border,  either  slightly  toothed  or  entire,  as  in 
Arulia  (Fig.  410),  Fedia  (Fig.  882),  Comus,  the  fertile  flowers  of 
Kyssa,  &c.  In  Compositie,  the  partially  obliterated  limb  of  the 
calyx,  when  present  at  all,  consists  of  scales,  teeth,  bristles,  or  a 
ring  of  slender  Jiairs  (as  in  the  Thistle),  aAd  receives  the  name  of 
papptu. 

48 1 .  The  petals,  however,  are  frequently  absent ;  when  the  flower 
ia  said  to  be  apetaloug,  as  in  the  Anemone  (Fig.  411),  Clematis, 
Caltha,  &&,  in  the  Crowfoot  (kmily, 
Other  genera  of  which  are  furnished 
with  both  calyx  and  corolla ;  and  as 
in  some  species  of  Buckthorn,  while 
others  have  manifest  although  small 
petals.  They  are  constantly  wanting 
in  a  large  number  of  families  of  Ex- 
ogenous plants,  which  on  this  account 
form  the  division  Apetalie.  When 
the  calyx  is  present  while  the  corolla  ^^^ 

is  wanting,  the  flower  is  said  to  be 

monochlamj/deoiu,  that  is,  with  a  petianth  (417)  or  floral  envelope  of 
only  one  kind  ;  as  in  the  cases  above  mentioned. 

*  In  our  Northern  Zanlhoxjlum  the  monochlamjdcoiu  perianth  which  is 
present  may,  however,  be  justly  held  to  be  the  corolla,  and  not  the  mJyx,  be- 
cause the  five  stamens  alternate  with  it,  jiist  »s  they  do  with  the  nndonbicd 
petals  of  Z,  Carolinianura  :  in  this  case,  therefore,  wo  inaj  say  thai  the  calyx, 
and  not  the  corolla,  is  suppressed.   See  Geiieru  Il/uelrala,  Vol.  2,  p.  148,  tab.  158. 

FIO.  410.    Flower  of  AniHii  DniUnulla,  lenlclly  diiUnl  |  the  limb  of  the  c«ly»  obn^ela. 
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482.  In  Eome  flowers,  moreover,  us  in  the  LiEard's-tail  (Fig.  412), 
both  the  calyx  and  the  corolla  are  entirely  wnnting,  mid  the  bloiiiHxn 
is  acklamydeout,  i.  e.  destitute  of  any  peiianth 
or  floral  envelopes  whatever.  Having  the  es- 
eential  organa,  viz.  the  elamens  and  jjLjtiU,  how- 
ever, this  flower  also  is  perftet  {hermapltrodite, 
or  bfiexual),  akhongh  incomplete. 

,„  483.  The  abortion  of  all 

the  stamens  or  all  the  pis- 
tils  of  a  flower  is  common  - 
enough,  as  well  in  flowei's  that  have  as  in 
those  that  have  not  complete  floral  envelopes ; 
but  wlienever  either  of  these  essential  orgaiH 
are  abortive  or  wanting  in  fomc  blossoms,  they 
are  present  in  otliers  of  the  same  species, 
either  on  tlie  same  or  oei  different  individuaU. 
Flowers  of  this  kind  having  stamena  only  or 
pistils  only  are  said  to  be  teparated,  dieUnout, 
or  unittxuaL  And  the  flower  which  has  the 
stamena  but  no  pistil^  or  only  imperfect  ones,  is  said  to  he  ttamitiate, 
lerik,  <sT  mule  ;  while 
that  provided  with 
pistils,  but  with  no 
stamens,  or  only  im- 
perfect ones,  is  pit- 
tiUate,  fertile,  or  fe- 
maU.  Not  to  mulli- 
ply  examples,  in  Smi- 
lax  and  in  Menisper- 
mum  (Fig.  413,  414) 
we  have  good  instan- 
ces of  separated  flow- 
ers in  which  ihe  abor- 
tion is  confined  to  the 
stamens  or  the  pistils, 
the  floral  envelopes 
being     present    and  '"  '" 

FIG.  41S.    Flovcrof  I.lai4'i-U11  {SBgiunu nrnuiul,  magnianl. 

FIO.  113.    A>taiiiliiU>no««raru>iili<penaum  orUooowd.    IH.  A  pbtllliit*  fl 
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complete.  And  in  the  Willow  (Fig.  415-418)  we  liave  separated 
flowers  extremely  simplified  by  abortion.  The  flowers  are  crowded  in 
eatkinii,  each  one  in  the  axil  of  a  bract :  the  staminate  flowers  consist 
of  a  few  stamens  merely,  in  tills  species  of  only  two  (Fig.  41 C),  and  the 
IHstillate,  of  a  pistil  merely  ( Fig.  418).  Tliat  is,  the  flowers  are  wholly 
destitute  of  calyx  and  corolla  (unless  a  little  glandular  scale  on  the 
upper  side  should  be  a  inidimeutary  perianth  of  a  single  piece),  and 
in  one  set  of  blossoms  the  stamens  are  also  suppressed ;  in  smother, 
the  pistils.  The  stamens  vary  in  number  in  diflerent  species,  from 
two  to  Ave.  If  there  were  only  one  of  the  latter,  an  instance  would 
be  affbi*ded  of  flowers  reduced,  not  merely  to  one  kind  of  organ,  but  to 
a  single  member.  Now  there  is  one  species  of  Willow,  which  ap- 
peal's to  have  its  sterile  blossoms  reduced  to  a  solitary  stamen.  It 
has  therefore  been  named  Salix  monandra.  But  on  in- 
s]>eotion  this  seemingly  single  stamen  Ls  found  to  consist 
of  two  united  with  each  other  quite  to  the  top  (Fig. 
419).  Here,  as  in  many  other  cases,  the  normal  condi- 
tion of  the  flower  is  not  only  much  altered  by  the  sup- 
pression of  mo.5t  of  tlie  organs,  but  disguised  by  the  coa- 
lescence of  tho  :.e  that  remain. 

484.  In  separated  flowers  the  two  kinds  of  blossoms 
may  be  borne  either  upon  different  pai'ts  of  the  same 
individual,  or  upon  entirely  different  individuals.  The  flowers  are 
said  to  be  moncecious  when  both  kinds  are  borne  on  the  same  plant ; 
as  in  Indian  Com,  the  Birch,  the  Oak,  Beech,  Hazel,  Hickory,  &c. : 
and  they  are  called  dicecious  when  borne  by  different  individuals ;  as 
in  the  Willow  and  Poplar,  the  Sassafras,  the  Prickly  Ash,  the  Hemp 
and  Hop,  Moonseed  (Fig.  413,  414),  &c.  Occasionally,  while  t^me 
of  the  flowers  are  staminate  only,  and  others  pistillate  only,  a  jx)r- 
tion  are  perfect,  the  different  kinds  occun*ing  either  on  the  same  or 
different  individuals  ;  as  in  most  Palms,  in  many  species  of  Maple, 
&c  :  plants  with  such  flowers  are  said  to  be  polygamous, 

485.  In  some  of  the  blossoms  of  certain  plants  both  stamens  and 
pistils  are  wanting.  This  is  the  case  with  those  that  occupy  the 
margin  of  the  cymes  of  the  Hobblebush  and  some  other  Vibunuims, 
and  of  Hydrangea  (Fig.  420),  or  even  with  the  whole  cluster  in 
cultivated  monstix>u3  states,  as  in  the  Snowball  or  Guelder-Ro.^e 
of  tlie  gardens  (Viburnum  Opulus).     Here  the  enlarged  corolltus 

FIO   419     A  staminate  flo^ver  of  Saliz  purpurea  (or  monandra),  with  the  stamens  coaleioeut 
(nionadelplMMU  and  syngenesious),  ao  as  to  appear  like  a  single  one. 
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mnkfl  the  whole  bimwem.  Siiph  flower*,  being  nerlher  rtaminate 
nor  pUtilbite,  are  said  to  be  nentraL  In  so-cnlled  compound  flower* 
(394)  the  8tTap-«ha])ed  marginal  flowers  are  soroetimen  neutral,  as 
in  Coreopsis  (Fig.  824,  323),  Mayweed,  and  Sunflower.  In  some 
Grasses  and  other  plants  auch  neutnd  flowers  wont  the  floral  eiir 
velopea  aLio,  or  are  reduced  to  an  abortive  rudiment. 


486.  The  i:up|)r<!^ion  or  abortion  of  a  whole  ctrde  of  oi^ns  in  a 
symmetrical  flower  does  not  destroy  its  Bymmefry,  if  we  take  note 
of  the  absent  members.  Thus  a  monoohlamydeous  flower,  with  a 
single  full  rircle  of  stamens,  usually  has  the  latter  placed  opposite 
the  leaves  of  the  perianth,  that  ia,  of  the  calyx,  the  corolla  or  in- 
tervening circle  having  failed  to  appear.  But  when,  with  the  abor- 
tion of  the  primary  circle,  say  of  the  stamens,  we  have  an  augmenta- 
tion of  one  or  more  additional  circles  of  the  same  kind  of  oi^an,  the 
law  of  alternation  appears  to  be  violated ;  the  stamens  tikat  are 
present,  or  the  outer  circle  of  them,  standing  before  the  petals,  in- 
stead of  alternate  with  them.  It  is  customary  to  assume  this  ex- 
planation for  all  cases  of  tlie  anteposition  of  the  stamens  to  the  pet- 
als, whether  in  the  I'rimi-ose  family,  in  Oaytonia,  in  the  Vine  (Fig. 

SN.  410.    C)'D»  uf  ItyilTanp*  ■ibomsnu,  with  Iba  lir|«  nurilnl  Bowom  Miurol 
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884),  or  the  Bucktliorn,  &c*  But  more  probable  explanations  for 
fionie  such  citses  have  ahreaily  been  given  (459,  400).  It  can  no 
longer  be  deemed  sufficient  to  assume  the  obliteration  of  a  normal 
floral  circle,  and  the  production  of  a  second  one,  when  no  ti-aces  of 
the  former  can  be  detected  and  no  clear  analogy  shown  with  some 
strictly  parallel  instance.  Yet  we  may  confidently  apply  this  \iew 
wlien  we  do  find  trace^^i  of  obliterated  organs,  as  in  the  Geranium 
family,  for  example.  The  ixjntamerous  flower  of  Gei-anium  exhibits 
ten  stamens,  plainly  occupying  two  rows,  the  five  of  th6  exterior 
circle  sliorter  than  the  others.  One  set  of  these  stamens  alternates 
with  the  petals,  the  other  is  opix>sed  to  them.  But  on  ckwe  exami- 
nation, we  perceive  that  it  is  the  inner  circle  of  stamens  that  alter- 
nates with  tlie  petals  ;  tlio.je  of  the  outer  circle  stand  directly  before 
them.  This  is  a  not  uncommon  case  whei*e  there  are  just  twice  as 
many  stamens  as  there  are  petals  or  sepals.     In  this  instance  the 

explanation  of  the  anomaly  is  furnished  by 
the  five  little  bodies,  called  by  the  vague  and 
convenient  name  of  glandsy  which  stand  on 
the  receptacle  between  the  petals  and  the  sta- 
mens, and  regularly  alteniate  with  the  former. 
They  accoixiingly  occupy  the  exact  position 
of  the  origiuid  stamineal  circle :  wherefoix^  as 
situation  is  the  best  indiciition  of  the  nature  of 
organs,  we  may  rcgjird  them  as  the  abortive  inidiments  of  the  five 
pix)per  stamens,  here  oblitei'ated.  In  the  annexed  diagnmi  (Fig.  421) 
these  are  accordingly  laid  down  in  the  third  circle,  as  five  small  oval 
spots,  slightly  shaded.  The  actual  stamens  consequently  belong  to 
two  augmented  circles,  those  of  the  exterior  and  shorter  set  of  which 
(represented  by  the  larger,  unshaded  figures),  normally  alternating 
with  the  glands,  are  of  course  opposed  to  tlie  petals,  and  those  of  the 
inner  and  larger  set,  normally  alternating  with  the  preceding,  neces- 
sarily alternate  with  the  petals.  This  view  is  further  elucidated  by 
the  closely  allied  genus  Krodium,  where  all  the  parts  are  just  the 
same,  except  that  the  five  exterior  actual  stamens  are  shoiter  still, 
and  are  destitute  of  anthers  ;  that  is,  the  dispo.sition  to  suppression, 
which  has  caused  the  obliteration  of  tlie  primary  circle  of  stamens . 
and  soniewluit  reduced  the  second  in  Geranium,  has  in  Eixxlium 


FTQ.  421.  IMagram  (rrora-nection)  of  the  flower  of  Geranium  macnlafcam,  exhibiting  the 
relfttiye  position  of  parts,  especially  the  gUmdi  alternate  with  the  petals,  and  tha  two  rowa  of 
•tainen*  within  them. 
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i^ndered  the  latter  abortive  also,  leaving  those  of  the  third  row  alone 
to  faWl  their  proper  office.  And  in  a  South  African  genus,  Monso- 
nia,  five  stamens  actually  occur  in  the  place  of  these  glands,  making 
fifteen  real  stamens,  or  three  circles.  The  general  plan  of  the  flower 
is  the  same  in  the  Flax  family,  except  that  the  glands  which  answer 

k 

to  the  outer  rank  of  stamens  are  still 
less  conspicuous,  and  those  of  the  next 
circle  are  reduced  to  small  abortive 
filaments,  or  to  minute  teeth  in  the 
ring  formed  by  the  union  of  all  the 
filaments  into  a  cup  at  the  base,  leav- 
ing: &ve  perfect  stamens,  which,  though 
they  4ilternate  with  the  petals  indeed,  belong  to  a  third  circle  (Fig. 
422,  42B)^  In  a  few  species  of  Flax,  this  second  circle  of  stamens 
is  perfectly  obliterated,  so  that  no  vestige  is  to  be  seen. 

487.  The  complete  suppression  of  two  or  three  of  the  circles  be- 
longing to  the  complete  flower,  and  of  a  part  of  the  members  of  what 
remains,  reduces  a  blossom  to  the  last  degree  of  simplicity.  Among 
the  simplest  of  perfect  flowers  are  those  of  Callitriche  (Fig.  1136- 
1138),  which  have  neither  calyx  nor  corolla ;  and  only  one  stamen, 
as  is  expressed  in  the  annexed  diagram  (Fig.  424)  ;  yet  the  four- 

lobed    pistil    shows 

that  the  blossom  was 
o 

^Y^  /\  constructed  on    the 

CAj  C^  o  U  p        plan  of  four.     And 

494  'I — m — T  ^a — S — r        ^^^^  *^^^  stamen  is 

suppressed  in  cer- 
tain blossoms,  and  the  pistil  in  others.  In  Euphorbia  (also  to  be 
illustrated  under  the  family  to  which  it  belongs.  Fig.  1143)  the 
flowers  are  always  separated,  and  the  staminate  blossom  is  reduced  to 
a  single  stamen,  the  pistillate  to  a  single  three-lobed  pistil  (Fig.425). 
And  in  the  Willow,  as  already  noticed  (438),  the  pair  of  stamens 
which  represents  one  sort  of  blossom,  and  the  single  pistil  which  repre- 
sents the  other,  are  widely  separated,  being  borne  on  distinct  trees. 

FIO.  422.    Plower  of  Linam  pereDne.    428.  Its  staxnenfl  and  pistils  enlarged. 

PIG.  424.  Diagram  of  a  perfect  flower  of  Callitiiche,  with  no  floral  envelopes,  one  stamen, 
and  a  four-celled  pistil. 

FIO  425.  Diagram  of  the  moncecions  flowers  of  Euphorbia :  a,  the  pistillate  flower  re- 
duced to  a  mere  three-celled  pistil ;  and  6,  one  of  the  staminate  flowers  reduced  to  a  single 
stamen. 

FIG.  426.  Diagram  of  the  dioecious  flowers  of  the  \niiow :  a,  one  of  tiie  pistillale  fiowezt 
xedoced  to  a  solitary  pistU ;  6,  a  staminate  flower  reduced  to  a  pair  of  stamens. 
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4fl8.  rnnsnal  BtBlfS  of  the  Rmptaele.     The  recepiacle  (421)  is 
commonly  small,  short,  and  inconspicuous,  being  merely  the  extrem- 
ity  of  tlie  flower-sialk  upon  wliich  the  bbv- 
eral  organs  are  inserted  (Fig.  343).     Some- 
times, however,  it  is  remarkably  enlarged 
or  elongated.     A  Btriking  instance  of  an  en- 
larged^ receptacle  li  found  in  Nelumbium, 
where  it  is  dilated  into  a  lai^  top«haped 
body,  nearly  enclosing  the  pistils  in   sep- 
arate cavities  (Fig.  427).      Whenever  the 
pistik  of  a  flower  are  very  numerous,  thj 
receptacle  is  more  or  less  enlarged  for  tkeir 
insertion,   as    in    Magnolia,   the    Raspberry    and   Blackberry,  &c. 
In  the   Strawberry  the  enlarged  and  conical 
receptacle  (Fig.  428),  bearing  the  pistils  on 
its    surface,  becomes    the   edible   portion   in 
fruit.    In  the  Rose  (Fig. 
429)    the  receptacle  is 
deeply  concave,  instead 
of  convex,   being    um- 
shaped,  invested  by  the  •" 

adnate  lube  of  tlie  calyx, 
and  bearing  the  petals 
and  stamens  on  its  bor- 
der and  the  numerous 
pistils  on  its  whole  hol- 
low surface  (Fig.  420). 
It  is  much  the  same  in 
Calyeanthus  (Fig.  814- 
819).  In  Geranium,  and  ** 

many  allied  plants,  the  receptacle  is  prolonged  between  the  ovaries, 
and  coheres  with  their  styles  (Fig.  430) ;  these,  however,  separating 
at  maturity  (Fig.  431).  In  Umbelliferous  plants  a  similar  but  more 
slender  prolongation  of  the  receptacle  is  extended  upwards  between 
the  contiguous  faces  of  the  two  united  ovaries  which  form  the  fruit 

FIO.  42T.    Tb*  cnluged,  top-tbiped  lenptaclt  of  KtluiuUiua,  beulDf  tlu  piiUli,  Im. 


10.  123.     Longltiidinol  MC 

10.429.     BlniLI«»iti0Q« 

»,™ngR»«-hlp, 

10.430,    OyoKlBmrfOe 

nnlum  mMuUtum,  or  CnuKibUl, .« 

10.  431.    Tb>»iDeBtnii 

urit;,  Hllb  the  an  pliUU  ipUCUng  u 

*pUckllDdl»DglPCft«lllU 

lopb,tUlrM>lii. 
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in  that  fiimily.     Occaaionally  one  or  more  of  the  intemodes  between 
successive  floral  circles  elongate ;    as  between  the  calyx  and  lUe 
coivlla  in  Pinks,  and  especially  in  Silene,  forming  a  stalk  within  the 
calyx,  on  which  the  rest  of  the  flower  is  rdsed  (Fig.  432)  ;  while 
in  many  Gientiana  the  inler- 
node   above  the   circle    of 
stamens  is  developed,  rais- 
ing the  pod  on  a  stalk  of  its 
own.      This  is  a  common 
case  in  the  Caper  family; 
in  which  the  genus  Gynan- 
dropsis  (Fig.  433)  exhibits 
a  remarkable  development 
of  the  whole  receptacle.     It 
is  enlarged  into  a  flattened 
disk,  where  it  bears  the  pet- 
als, and  b  then  prolonged  ""  "" 
into  a  conspicuous  stalk  which  bears  the  stamens, — or  rather,  to 
which  the  bases  of  the  stamens  are  adnate,  —  and  then  into  a  shorter 
and  more  slender  stalk  for  the  pistil ;  thus  separating  the  four  circles 
or  sets  of  organs,  like  so  many  whorls  of  verticillate  leaves.     The 
general  name  for  this  kind  of  slalk,  as  contradistinguished  from  the 
pedicel  or  stalk  of  the  flower,  is  the  Stipe  ;  and  whatever  organ  or 
set  of  organs  ia  thus  elevated  is  said  to  be  ttipitate.     Whenever  it  is 
necessary  to  particularize  the  portion  of  the  receptacle  thus  devel- 
oped, the  stipe  is  termed  the  AntAopAore  when  it  appears  just  above 
the  calyx,  and  elevates  the  petals,  stamens,  and  pis- 
tib ;  the    GonopAore,  when  it  supports  both  the  sta- 
mens and  pistils ;  and  the  Gynopkore,  Gynohase,  or 
Carpophore,  when  it  bears  the  gynsecium  alone.     The 
stalk  which  sometimes  supports  each  simple  pistil  of  the 
gyniecium  (as  in  Coptis  or  the  Goldthread)  is  called 
a  Thecaphore.     This,  however,  does  not  belong  to  the 
receptacle  at  all,  bnt  to  the  pistil  itself,  and  is  ho- 
mologous with  the  leafstalk.  (m 

489.  A  Disk  is  a  part  of  the  receptacle,  or  a  growth  from  it,  en- 
larged under  or  around  the  pistil.     Like  the  other  parts  of  the  flower, 

no.  432.    StFtton  or B  ronr dT  Sllem  P«nii;lTini«,  ibowliig  (hs atliH  DriuiMfpAori. 
FIQ.  4SS.     Flo>T«TDf  Oyiumdivprili.  HiltmmuirkmbLjdDngand 
FIO.  1S4.    lAtt  at  [be  Onuii,  uude  uutli  Uu  platll  (hyvuttynoiuj 
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it  is  kgpoffynoMt  (466),  when  free  from  all  union  either  wilh  the  pis- 
til or  the  calj'x,  as  in  the  Rue  Hnd  the  Orange  (Kig.  434).     It  ia 
periffffttous  (467),  wlien  it  adheres  to  the  hiise  of  the  calyx,  as 
in    the    Buckthorn    (Fig.   435, 
436) ;  and  where  the  calyx  is 
adnate  to  the  ovary,  as  in  the 
Apple,    Hawthorn    (Fig.   390), 
Ac,  there  is  commonly  a  disk  in- 
twposed  between  the  two.     The 
"*  *"  disk  is  sometimes  expanded  on 

the  summit  of  such  an  ovaiy,  when  it  is  said  to  be  ^gynotu  (469), 
as  in  CornuB,  and  all  Umbelliferous  plants. 


Sect.  Y.    The  Flobal  Envelopes  im  Pasticdlab. 

490.  Their  DeTelopmenl,  or  Orpini^llf,  first  requires  a  brief  notice. 
The  flower-bud  is  formed  in  the  same  way  as  the  leaf-bud ;  and 
what  hns  been  stated  as  to  the  formation  of  the  leaves  of  the  branch 
(273)  equally  applies  to  llie  leaves  of  the  flower.  The  sepals  are 
necessarily  the  eai'liest  to  appear,  which  tliey  do  in  the  form  of  bo 
many  cellular  protuberances,  at  first  distinct,  inasmuch  as  then  their 
tips  only  are  eliminated  from  the  axis.  Each  one  may  complete  its 
development  separately,  like  an  ordinaiy  leaf,  when  the  sepak  re- 
main distinct  Or  the  lower  and  later-eliminated  portions  of  the 
forming  organs  of  the  cirele  coalesce  as  they  grow  into  a  ring,  which, 
further  developed  in  union,  forms  the  cup  or  tube  of  the  gamopkx^- 
loua  calffx.  In  some  cases,  it  would  appear  that  the  sepals  may  at 
first  grow  sepai-ately,  and  afterwards,  though  only  at  a  very  early 
period,  coalesce  by  the  cohesion  of  their  contiguous  parts.  The  sev- 
eral parts  of  an  irregular  calyx  are  at  first  equal  and  similar ;  the 
irregularity  appears  in  their  subsequent  unequal  growth.  The  pet- 
als or  parts  of  the  corolla  originate  in  the  same  way,  a  little  later 
than  the  sepals.  Their  coalescence  in  the  gamopetalous  corolla  is 
congenital ;  the  ring  which  forms  its  tube  appearing  nearly  as  early 
as  do  the  slight  projections  which  become  its  lobes  and  answer  to  the 
summits  of  the  component  petals.  The  rudiments  of  the  petals  are 
visible  earlier  ihim  lliose  of  the  stamens  :  but  their  growth  is  at  first 

FIO.  4SS.    FlowH  ot  ■  Bockthoni,  ibowlDE  iL  loiia  pulUDOua  diik,    139.  Vuttal  Metko 
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retardedy  so  that  the  stamens  are  earlier  oompleted,  and  their 
anthers  surpass  them,  or  often  finish  their  growth,  while  the  petab 
are  still  minute  scales :  at  length  they  make  a  rapid  growth,  and 
enclose  the  organs  that  belong  above  or  within  them.  Unlike  the 
sepals  in  this  respect,  the  base  of  the  petal  is  frequently  narrowed 
into  a  portion  which  corresponds,  more  or  less  evidently,  to  the 
petiole  (the  claw),  and  which,  like  the  petiole,  does  not  appear  until 
some  time  ailer  the  blade  or  expanded  part ;  the  summit  being  al- 
ways the  earliest  and  the  base  the  latest  portion  fcmned.  Aa  the 
envelopes  of  the  flower  grow  and  expand,  those  of  each  circle  adapt 
themselves  to  each  other  in  various  ways,  and  acquire  the  relative 
positions  which  they  occupy  in  the  flower-bud.  Their  arrangement 
in  this  state  is  termed 

491.  Their  Jlstivation  or  Profloration.    The  latter  would  be  the 

preferable  term ;  but  the  foi-mer  is  in  common  use  ;  the  word  .^ktU 
ration  (literally  the  summer  state)  having  been  devised  for  the 
purpose  by  Li nnseus ;  —  for  no  obvious  reason  except  that  heliad 
already  applied  the  name  of  Vernation  (the  spring  state)  to  express 
tlie  analogous  manner  in  which  leaves  are  disposed  in  the  leaf-bud. 
The  same  terms  are  employed,  and  in  nearly  the  same  way,  in  the 
two  cases,  but  with  some  peculiarities.  As  to  the  disT)cs:txn  of 
each  leaf  taken  by  itself,  the  corresponding  terms  of  vernation  (257) 
wholly  apply  to  sestivatioa  The  arrangement  in  the  bud  of  the 
several  members  of  the  same  floral  circle  in  respect  to  each  other,  is 
of  much  importance  in  systematic  botany,  on  account  of  the  nearly 
constant  characters  that  it  furnishes,  and  also  in  structural  botany, 
from  the  aid  it  often  affords  in  determining  the  true  relative  super- 
position  or  succession  of  parts  on  the  axis  of  the  flower,  by  observ- 
ing the  order  in  which  they  overlie  or  envelope  each  other. 

492.  The  various  forms  of  aestivation  that  have  been  distinguished 
by  botanists  may  be  reduced  to  three  essential  kinds,  namely,  the 
tminricative,  the  contorted  or  convoluttve,  and  the  vahmlarJ* 

493.  JmbriccUive  sestivation,  in  a  general  sense,  comprises  all 
the  modes  of  disposition  in  which  some  members  of  a  floral  circle 
are  exterior  to  the  others,  and  therefore  overlie  or  enclose  them  in 


*  We  should  properly  say  of  the  cutivation  that  it  is  imhriaxUve,  c&nvolutive, 
valtnilar^  &c,  and  of  the  calyx  and  corolla,  or  of  the  sepals,  &c.,  that  they  are 
tmbritate  or  imbricated^  convolute,  valvate,  &c.  in  aestivation ;  bat  such  precision 
of  language  is  seldom  attended  to< 
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the  bud.  This  must  almost  necessarily  occur  wherever  the  -parts 
are  inserted  at  distinguishably  different  heights,  and  is  the  natural 
result  of  a  spiral  arrangement.  The  name  is  most  significant  when 
successive  leaves  are  only  partially  covered  by  the  preceding,  as  in 
Fig.  207.  Here  they  manifestly  break  joints,  or  ai*e  disposed  like 
tiles  or  shingles  on  a  ixx)f,  as  the  term  imbricated  denotes.  It  is 
therefore  equivalent  to  the  spiral  arrangement :  and,  on  the  other 
hand,  we  properly  apply  the  term  imbricated  to  any  continuous 
succession  of  such  partly  overlying  memliers ;  as  when  we  say  of 
appressed  and  crowded  leaves  that  they  are  imbricated  on  the  stem, 
or  thus  express  the  wliole  arrangement  of  the  scales  of  a  bud 
(Fig.  153),  or  a  bulb  (Fig.  172),  or  of  a  catkin  or  cone  (Fig.  209). 
The  alternation  of  the  petals  with  the  sepals,  &c.  necessai-ily 
renders  the  floral  envelopes  likewise  imbricated  in  the  bud,  taken  as 
a  whole.  But  in  proper  aestivation,  what  we  have  to  designate  is 
the  arrangement  of  the  parts  of  the  same  floral  circle  (say  the  five 
sepals  or  the  five  petals)  in  respect  to  each  other. 

494.  Now  when  the  sepals  or 
^;*«s==:^.  x;^^^^**s.  *^®  petals  are  three  in  number, 

^^^     >^\        /^^^^^^^^S\\      ^^^  ^^  regularly  imbricated  in 
l\ll      ((III  Wi     the  bud,  as  in  Fig.  437,  the  three 

leaves  are  arranged  just  as  in 
throe-ranked    phyllotaxis    (238, 
437  438  Fig.  203)  ;  that  is,  with  the  first 

petal  exterior  to  the  others,  the  second  is  covered  by  the  first  on 
one  side  while  it  covers  the  third  on  the  other.  When  they  are  five 
(as  in  the  calyx  of  Geranium,  Fig.  439),  they  are  disposed  just  as  in 
five-ranked  or  quincuncial  phyllotaxis  with  the 
axis  shortened  (240,  Fig.  206) ;  viz.  two  leaves 
are  exterior,  two  wholly  interior,  and  one  (the 
third)  with  one  edge  covered  by  No.  1  on  one 
side  while  it  covers  No.  5  with  its  other  edge.  So 
that  this,  the  regular  mode  of  imbrication  when 
the  parts  are  in  fives,  is  termed  quincuncial  ses- 
tivation,  or  the  parts  are  said  to  be  quincuncially 
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FIO.  437.  Diagram  of  a  three-leaved  (trimerous)  caljx  and  corolla,  both  imbricated  in 
sBtivation. 

FIG  438.  Diagram  of  the  flpstiTation  of  three  petals  (or  one  circle  of  the  petals)  of  Magno- 
lia, similarly  imbricated,  but  strongly  enwrapping,  each  making  nearly  a  circle. 

FIO.  489.  Diagram  of  the  imbricative  aestivation  of  the  calyx  and  the  conTolutive  sestiva- 
tion  of  the  corolla  of  Geranium  ;  the  sepals  numbered. 
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imbricated.  We  have  here  the  advantage  of  being  able  to  number 
the  successive  sepals,  or  petaU,  since  the  third  leaf  is  not  only  recog- 
nizable by  its  intermediate  position,  but  also  indicates  the  dii*ection 
in  which  the  spiral  turns  (Fig.  20G  and  Fig.  439). 

495.  It  must  be  recollected,  in  the  compai*ison,  that  the  parts  of 
successive  cycles  are  superposed  in  the  foliage,  while  those  of  the 
floral  circles  alternate.  Regular  imbrication  in  the  4-meix)us  flower 
gives  two  outer  and  two  inner  members  in  {estivation  (as  in  the 
calyx  of  Ci*uciferou3  blossoms,  Fig.  367),  on  the  principle  of  two 
decussating  pairs  of  leaves  (441)  ;  or  it  may  sometimes  be  refer- 
able to  a  modification  of  some  alternate  spiral  annngement. 

496.  The  degree  of  overlapping  depends  upon  the  breadth  of  the 
parts  and  the  state  of  the  bud ;  it  naturally  grows  less  and  less  as 
the  bud  expands  and  is  ready  to  open.  It  is  fi-om  the  full-grown 
flower-bud,  just  before  anthesis  (or  the  opening  of  the  blossom),  that 
our  diagmms  are  usually  taken  ;  in  which  the  parts  are  represented 
as  moderately  or  slightly  overlapping.  The  same  overlapping  car- 
ried to  a  greater  extent  will  cause  the  outer  leaf  to  envelope  all  the 
rest,  and  each  succeeding  one  to  envelop  those  within ;  as  shown  in 
Fig.  438  from  one  circle  of  petals  of  a  Magnolia  taken  in  an  early 
state  of  the  bud.  To  this,  however,  has  not  impix)perly  been  applied 
the  name  of  convolute,  from  its  similarity  to  the  convolute  vernation 
of  the  leaves  of  the  bi'anch  (257),  similarly  rolled  up  one  within  the 
other.  But  it  is  practically  inconvenient,  and  wix)ng  in  principle,  to 
designate  different  degrees  of  the  very  same  mode  by  distinct  names ; 
furthermore,  it  is  to  the  next  general  mode  of  aestivation  that  the 
name  of  convolute  is  more  commonly  applied,  at  least  in  recent  sys- 
tematic botanical  writings. 

497.  There  are  numerous  cases  of  imbricative  aestivation,  espe- 
cially in  irregular  flowers,  where  the  overlapping  of  parts  does  not 
altogether  accord  with  what  must  needs  be  their  order  of  succes- 
sion on  the  axis.  In  the  5-merous  calyx  and  corolla  of  all  truly 
papilionaceous  flowers,  for  example,  one  edge  of  the  sepal  or  the 
petal  No.  2  is  placed  under,  instead  of  over,  the  adjacent  edge  of 
No.  4,  in  consequence  of  which  three,  instead  of  only  one,  of  the 
leaves  have  one  edge  covered  and  the  other  external ;  as  is  shown 
in  Fig.  358.  Since,  in  the  coix)lla  of  this  kind  of  blossom,  the  ex- 
terior petal,  here  the  vexillum  (472),  is  the  larger,  and  at  first  cm- 
braces  all  the  rest,  this  modification  of  imbricative  aestivation  has 
received  the  name  of  vexiUary.     As  nearly  the  same  thing  occurs 
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in  the  Violet,  it  is  probably  caused  by  Pome  slight  dislocation  that 
takes  place  during  the  early  growth  of  organs  in  the  irregular  blos- 
som.   It  is  not  restricted  to  irregular  flowers,  however,  but  occurs 

as  a  casual  variation,  or  perliaps  more  frequent^ 
ly  than  the  quincuncial,  in  the  regular  corolla 
of  the  Linden  (as  is  shown  in  Fig.  440).  A 
slight  obliquity  in  the  position  of  the  petal  No. 
2,  assumed  at  an  early  period,  would  account 
for  the  whol^  anomaly.  That  this  suggests 
the  true  explanation  is  almost  demonstrated  by 
**  the  varjring  Aestivation  of  the  corolla  of  the 

Linden;  in  which  the  same  bunch  of  blossoms  often  furnishes  in- 
stances of  regular  quincuncial  imbrication,  of  the  modification  here 
referred  to,  and  of  a  similar  disposition  of  the  fifth  petal,  throwing 
one  of  its  edges  outwards  also.  If  the  first  petal  were  also  to  par- 
take of  this  slight  obliquity,  the  imbricative  would  be  completely 
converted  into  what  is  variously  named 

498.  The  contorted^  twisted,  or  convolutive  aestivation  (Fig.  439j. 
441,  the  corolla,  and  442).  In  this  mode,  the  leaves  of  the  circle  are 
all,  at  least  apparently,  inserted  at  the  same  height,  and  all  occupy 
the  same  relative  position :  one  edge  of  each,  being  directed  ob- 
liquely inwards,  is  covered  by  the  adjacent  leaf  on  that  side,  while 
the  other  covers  the  corresponding  margin  of  the  contiguous  leaf  on 
the  other  side.  Tliis  is  owing  to  a  torsion  or  twisting  of  each  member 
on  its  axis  early  in  its  development ;  so  that  the  leaves  of  the  floral 
verticil,  instead  of  forming  arcs  of  a  circle,  or  sides  of  a  polygon 


having  for  its  centre  that  of  the  blossom,  severally  assume  an  oblique 
direction,  by  which  one  edge  is  carried  partly  inward  and  the  other 
outward.     This  contorted  aestivation  is  rare  in  the  calyx,  but  com- 


TIG.  440.    Diagram  of  the  plan  and  lestiTatioa  of  the  flover  of  the  Linden. 

FIO.  441.  Diagram  of  the  imbricated  eatyx  of  Wallflower  (two  outer  and  two  inner  sepals), 
and  within  the  strongly  contorted  or  conrolate  corolla.  442.  Corolla  of  the  latter  more  open. 
443.  Cross-section  of  the  plaited  tube  of  the  corolla  of  Campanula.  444.  SioUlar  seotton  of  the 
plaited  and  supenrolute  corolla  of  ConTolTulos. 
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mon  enough  in  the  corolla.  When  this  obliquity  of  position  is  strong, 
the  petals  themselves  are  usually  oUtqne,  or  unequal-sided,  from  the 
lesser  growth  of  the  overlapped  side.  This  is  well  seen  in  the  pet- 
als of  most  Malvaceous  plants,  and  m  those  of  the  St.  Johiiswort.  In 
the  Pink,  however,  and  in  many  other  instances,  the  petals  are 
syminetrical,  although  strongly  convolute  in  aostivation.  Wlien  the 
petals  are  broad,  this  convolute  arrangement  is  frequently  conspicu- 
ous in  the  fully  expanded  flower,  as  well  as  in  the  bud.  Tlie  con- 
volution in  the  bud  is  of^en  so  great,  that  the  petals  appear  as  if 
strongly  twisted  or  rolled  up  together,  each  being  almost  completely 
overlapped  by  the  preceding,  so  that  they  become  convolute  nearly 
in  the  sense  in  which  the  term  is  used  in  vernation  ;  as  in  the  Wall- 
flower (Fig.  441,  442).  Although  there  is  some  diversity  of  usage, 
the  terms  convolute  and  contorted  in  aestivation  are  now  for  the  most 
part  employed  interchangeably,  or  nearly  so. 

499.  The  valvular  or  valvate  festivafion  is  that  in  which  the  parts 
of  a  floral  circle  are  placed  in  contact,  edge  to  edge,  throughout  their 
whole  length,  without  any  overlapping,  as  in  the  calyx  of  the  Mal- 
low and  Linden,  Fig.  440.  Here  the  members  of  the  circle  stand  in 
an  exact  circle,  no  one  being  in  the  least  degree  lower  or  exterior. 
The  edges  of  the  sepals  or  petals  in  this,  case  are  generally  abrupt, 
or  as  thick  as  the  rest  of  the  organ ;  by  which  mark  the  valvate  ac- 
tivation may  commonly  be  recognized  in  the  expanded  flower. 

500.  By  inflexion  of  the  edges,  Uie  valvate  aestivation  passes  by 
gradations  into  the  indupUcate  (Fig. 
445),  and  this,  when  the  margins  are  in- 
rolled,  into  the  involute  (Fig.  446),  as  k 
exemplified  by  the  calyx  of  different  spe- 
cies of  Clematis.  On  the  other  hand,  tlie 
valvate  calyx  of  many  Malvaceous  plants  ***  ** 

has  the  margins  projecting  outwards  into  salient  ridges,  or  is  rednpli" 
caiey  in  aestivation.  '^ 

501.  In  the  Mignonette,  and  some  other  flowers,  the  asstivation  is 
open  ;  that  is,  the  calyx  and  corolla  are  not  closed  at  all  oVer  the 
oth^  parts  of  the  flower  in  the  bud. 

502.  The  form  of  the  tube  of  the  calyx  or  corolla  in  the  bud 
sometimes  has  to  be  considered.  Sometimes  it  is  plicate^  or  plaited 
lengthwise;  and  t}ie  plaits  may  be  turned  either  inwards,  as  in  the 

-ma.- 44S.  ^  Diagnua  of  tbe  talTate^ltidiipllGala  «Mtlv»aon  ttf-lb^Mayx  of  Cleii»at  Virgini. 
446.  Same  of  CleniatU  Viticella,  t!w  marsiiM  invidttte. 
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corolla  of  Gentians,  or  outwards,  as  in  that  of  Campanula  (Fig.  443). 
When  these  plaits  are  laid  over  one  another  in  a  convolute  manner, 

as  in  the  unopened  corolla  of  the  Moming-Gloiy 
(Fig.  444)  and  Stramonium  (Fig.  447,  448),  the 
aestivation  is  said  to  be  tuperooluU* 

503.  The  direction  of  the  spire  or  the  overlap- 
ping of  pai't*  may  be  either  from  left  to  right,  or 
from  right  to  left ;  and  this  direction  is  generally 
unifoim*  In  indicating  the  direction,  it  is  most 
natural  to  suppose  the  observer  to  stand  before 
the  iiower-bud.  DeCandoUe,  indeed,  supposes  the 
obsen-er  to  occupy  the  centre  of  the  flower,  which 
would  reverse  the  direction  ;  but  the  former  is  the 
prevalent  view.  The  direction  is  frequently  re- 
versed in  passing  from  the  calyx  to  the  corolla, 
sometimes  with  remarkable  uniformity ;  while 
again  the  two  occur  almost  indifferently  in  many 
crises.  The  hind  of  aestivation,  although  often  the  same  both  in  the 
calyx  and  corolla,  —  as  in  Pamassia  (Fig.  381)  and  Elodea  (Fig. 
875),  whero  both  are  quincuncially  imbricated,  —  is  as  frequently 
different;  and  the  difference  is  often  characteristic  of  families  or 
genera.  Thus,  the  calyx  is  valvate  and  the  corolla  convolute  in 
all  Malvaceae ;  the  calyx  imbncated  and  the  corolla  convolute  in 
Hypericum,  in  the  proper  Pink  tribe,  &c  Solitary  exceptions  now 
and  then  occur  in  a  family.  Thus,  the  corolla  in  Rosaceie  is  imbri- 
cated, so  far  as  known,  except  in  Gillenia,  where  it  is  convolute.  In 
general  it  may  be  said,  that  the  aestivation  of  the  corolla  is  less  con- 
stant than  that  of  the  calyx. 

504.  The  Calyx.  In  treating  of  the  general  structure  and  diver- 
sities of  the  flower,  we  have  already  noticed  the  principal  modifl- 
cations  of  the  calyx  and  corolla,  as  well  as  many  of  the  terms  em- 
ployed to  designate  them ;  which  need  not  be  here  repeated. 

505.  The  number  of  sepals  tliat  enter  into  the  composition  of  a 
calyx  is  indicated  by  adjectives  formed  from  the  corresponding 
Gi^eek  numerals  prefixed  to  the  name ;  as,  dtsepalous,  for  a  calyx  of 
two  sepals ;  irisepalouSj  of  three  sepals ;  ieiraseptJouSy  of  four ;  pen- 
tijisepcdoi£8<i  of  five ;  kexasepahus,  of  six  sepals ;  and  so  on.  Very 
commonly,  however,  the  Greek  M'ord  for  leaves,  pk^^loy  is  used  in 


.FIQ.  447«    Sommiiof  the  wnaypanded  corolla  of  Datun  mfttwloideB.    i4S.  Tnnvf«neieo- 
tioaof  UieflanM. 
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suek  composition ;  and  the  calyx  is  said  to  be  dlphyUoiis^  triphyUous, 
tetraphyUouSj  pentaphyUouSy  kexaphyllous,  &c.,  accoixling  as  it  is  com- 
posed of  two,  three,  four,  five,  or  six  leaves  or  sepals  respectively. 
These  terms  imply  that  the  leaves  of  the  calyx  are  distinct,  or  nearly 
so.  When  they  are  united  into  a  cup  or  tube,  the  calyx  was  by  the 
earlier  botanists  incorrectly  said  to  be  monophyllous  (literally  one- 
leaved)  ;  —  a  term  which  we  continue  to  use,  guarding,  however, 
against  the  eiToneous  idea  which  its  etymology  involves,  and  beai'in'g 
in  mind  that  the  older  technical  language  in  botany  is  founded  uix>n 
external  appearance,  and  not  the  real  structure,  as  we  now  under- 
stand it.  The  correct  teion,  cciiyx  garfiophyUouSy  is  now  coming  into 
use :  this  literally  expresses  the  true  state  of  the  case,  and  is  equiva- 
lent to  the  phrase  sepals  united  ;  the  degree  of  coalescence  being  in- 
dicated by  adding  "  at  the  base,"  "  to  the  middle,"  or  "  to  the  sum- 
mit," as  the  case  may  be.  Still,  in  botanical  descriptions,  it  is  usual 
and  ordinarily  more  convenient  to  regard  the  calyx  as  a  whole,  and 
to  express  the  degree  of  union  or  separation  by  the  same  teiins  as 
those  which  designate  the  degi'ee  of  division  of  the  blade  of  a  leaf 
(281-287)  :  as,  for  example,  QsXyiL  Jtve-toothed^  when  the  sepals  of 
a  pentaphyllous  calyx  are  united  almost  to  the  top  ;  five^eft^  when 
united  to  about  the  middle ;  jive-parted^  when  they  are  separate 
almost  to  the  base ;  find  Jive-lobed,  for  any  degree  of  division  less 
than  five-parted,  without  reference  to  its  particular  extent. 

506.  The  united  portion  of  a  gamophyllous  calyx  is  called  its 
tube ;  the  distinct  portioas  of  the  sepals  are  termed  the  teeth,  seg- 
mentSy  or  lobes,  according  to  their  length  as  compared  with  the  tube  ; 
and  the  orifice  or  summit  of  the  tube  is  named  the  throat.  The 
calyx  is  said  to  be  entire,  when  the  leaves  of  the  calyx  are  so  com- 
pletely confluent  that  the  iijargin  is  continuous  and  even.  The  tevmfi 
regular  and  irregular  (446,  471)  are  applied  to  the  calyx  or  corolla 
separately,  as  well  as  to  the  whole  flower.  The  counterpart  term  to 
calyx  monophyllous  or  monosepalous,  is  polyphyllous  or  polysepaloits 
(viz.  of  many  leaves  or  sepals).  This  is  equivalent  to  the  phrase 
sepals  distinct ;  and  does  not  mean,  as  the  etymology  might  lead 
one  to  suppose,  that  they  are  unusually  numerous. 

507.  The  CofoUa  has  con-esponding  ttsrms  applied  to  its  modifica- 
ixans.  When  its  petals  are  distinct  or  ttncomiected,  it  is  said  to  be 
pdypetalous ;  when  united,  at  lea«vt  at  the  base,  mancpetalotiSf  or 
more  properly  gamopetalotis,  as  already  explained.  Vainous  de- 
grees of  such  union  are  shown  in  Fig.  450  -  460.     The  united  por- 
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tions  in  the  latter  case  form  the  tube  of  the  corolla ;  the  distinct  parts 
are  the  lobeSj  segments,  &c. ;  and  the  orifice  is  called  the  throaty 
ju!9t  as  in  the  calyx.  The  number  of  parts  that  compose  the  coix>na 
is  designated  in  the  manner  already  mentioned  for  tlie  calyx ;  viz. 
a  corolla  of  two  petals  is  dipetalous  ;  of  three,  tripetalous  ;  of  four, 
tetrapetcilous  ;  of  fiYe,pentapetaIous  ;  of  six,  hexapetahus  ;  of  seven, 
heptapetalotts  ;  of  eight,  odopetdlous  ;  of  nine,  enneapetcdmis  ;  of  ten, 
decapetalous. 

608.  Frequently  the  petals  (and  rarely  the  sepals)  taper  into  a 
stalk  or  naiTow  base,  analogous  to  the  petiole  of  a  leafj  which  is 
called  the  claw  (unguis)  ;  and  hence  the  petal  is  said  to  be  tmgnicu" 
late  ;  as  in  Cruciferous  flowers  (Fig.  405),  the  Pink  family  (Fig. 
432),  and  Gynandropsis  (Fig.  433),  &c. ;  the  expanded  iwrtion,  like 
that  of  the  leaf,  being  distinguished  by  the  name  of  the  icnmna,  limb, 
or  blade. 


509.  Some  kinds  of  polypetalous  flowers  receive  particular  names, 
from  the  form  ch*  arrangement  of  their  floral  envelopes,  especially  of 
the  corolla.  They  may  be  divided  into  the  regular  and  the  iiTCgular, 
—  terms  which  have  already  been  deflned  (446,  471).  Among  the 
regular  forms  we  may  mention  the  rosaceous  flower,  like  that  of  the 
Rose,  Apple,  &c.,  where  the  five  spreading  petals  have  no  claws,  or 
very  short  ones ;  the  liliaceous,  of  which  the  Lily  is  the  t3rpe,  where 
the  claws  or  base  of  the  petals  or  sepals  are  erect,  and  gradually 
spread  towards  their  summits  ;  the  earyoph/Uaceous,  as  in  the  Pink 
and  its  allies  (Fig.  449),  where  the  five  petals  have  long  aiKi  narrow 

no.  440.    Corolla  of  Soipirart,  of  firv  (wptrate,  ]Qiig-«laiTOd  or  tm^iadlritc  petels. 

FIG.  4fi0.  Flower  of  Gilia  or  JpofBoptis  coronopIfoUa  \  the  parts  answering  to  tiae  claww  of 
the  petals  of  the  last  flgnre  here  all.nnited  into  a  tube. 

FIO.  461.  Flower  Of  tly  Cypzen-Vfaie ;  tfao  |»eta]s  a  little  fkftber  united  into  a  flTo-lobed 
■preading  border. 

FIQ.  452.  Flower  of  the  small  Scarlet  Horaing-Olory,  the  flye  petals  it  Is  composed  of  paw 
Ibctlj  united  into  a  trompet-shapBd  tube,  and  a  nearly  entire  spreading  horder.- 
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claws,  which  are  enclosed  in  the  tabe  of  the  calyx ;  and  the  crueiatey 

or  erudfarm^  which  gives  it»  name  to  the  Mustard  family,  where 

the  four  unguiculate  petals,  diverging  equally  from  one  another, 

are  necessarily  disposed  in  the  form  of  a  cross,  as  in  the  Mustard 

(Fig.  405).     Among 

the  irregvlar  polypeta- 

lous  jSowers,  which  are 

extremely    varied    in 

different  families,  the 

paptHonaceous  or  but^ 

terfl^haped  corolla  of  the  Puke  family  is  the  most  familiar,  and 

has  already  been  illustrated  (471,  Fig.  892). 

510i  Several  forms  of  the  gamopetalous  corolla,  or  gamophyl- 
lous  calyx,  have  been  distinguished  by  particular  names.  These 
are  likewise  divided  into  the  regular^  where  their  parts  are  equal  in 
size,  or  equally  united ;  and  the  irregular,  where  their  size  or  de- 
gree of  union  is  unequal  (471).  Among  the  former  are  the  cam- 
panuhUe  or  beU-shapedy  as  the  corolla  of  the  Harebell  (Fig.  456), 
which  enlarges  gradually  and  regularly  from  the  base  to  the  summit ; 


the  infundibuliformj  ot  fimnelrthapedy  where  the  tube  enlarges  very 
gradually  below,  but  expands  widely,  at  the  summit,  as  in  the  corolla 
of  Moming-Glory  (Fig.  1035  and  452)  ;  ivbidar,  where  the  form  is 
somewhat  cylindrical  throughout,  as  in  Trumpet  Honeysuckle ;  hypo^ 
craUriform  (more  correctly  htfpocrateritnorphoiu),  or  salver'shapedy 

no.  tf&  Sotate  car  yrhntMu^td  and  flTO^pvtod  ootoU*  aTjUm  UMacfWMt  (8Dl«aam 
Dokamazft). . 

FIG.  451.    Whee1-«hap0d  and  ilTe-cleft  corolla  of  the  oommon  Potato. 

FX0.  465.    She.  Almost  aotira  and  opmi  lMU<«liaped  coralla  of  a  Oroand  Chmwy  (Phytelb^. 

710.  466.  Campanulate  corolla  of  the  Harebell^  Gampannla  rotoadifoUa.  457.  Salwcw 
shaped  coroUa  of  Phlox.  468.  Labiate  (lioeent)  corolla  of  Lamiam ;  a  side  Tiew.  4601  Per^ 
sooatooonllaof  AntinUBiiBt.  ^460.  Psksonate  flocoUa  of  Unaiia,  spomd  a*  fho 

24 
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where  the  limb  spreads  at  riglit  angles  with  iho  fummit  of  the  more 
or  less  elongated  tube,  as  in  the  corolla  of  CVpress'Vine  (Fig.  451) 
and  Phlox  (Fig.  457) ;  and  roiaiey  or  wheelrskapedy  when  a  hypo- 
crateriform  corolla  has  a  very  short  tube,  as  in  the  Forget>^iaLe-<iiot,  Bit- 
tei-sweet  (Fig.  453),  and  Potato  (Fig.  454). 

511.  The  principal  irregular  gamopetalous  or  gamophyllous  forms 
that  have  received  a  separate  appelhition  are  the  ligviate  or  strap' 
shaped,  which  has  already  been  explained  (473),  and  the  labiate  or 
bilabiate.  The  latter,  as  already  stated,  is  produced  by  the  unequal 
union  of  the  sepals  or  petals  (473),  so  as  to  form  an  upper  and  a  lower 
part,  or  two  lips,  as  they  are  called,  fix)m  an  obvious  resemblance  to 
the  open  mouth  of  an  animal  (Fig.  458  —  460).  This  variety  is  al- 
most universally  exhibited  by  the  corolla  of  the  Sage  or  Mint  family 
(which  is  therefore  called  Labiatse),  as  well  as  of  several  related 
families ;  and  the  calyx  is  frequently  bilabiate  also,  as  in  the  Sage. 
And  since,  in  the  corolla  of  these  families,  two  of  the  five  petals 
enter  into  the  composition  of  the  upper  lip,  and  three  into  that  of  the 
lower,  this  is  necessarily  inverted  in  the  bilabiate  calyx,  three  of  the 
sepals  combining  to  form  the  upper  lip,  and  two  to  form  the  lower. 

512.  When  the  upper  lip  is  arched,  as  in  the  corolla  of  Lamium 
(Fig.  458),  it  is  sometimes  called  the  galea,  or  helmet.  When  the 
two  lips  are  thus  gaping  and  the  throat  open,  the  corolla  is  said  to 
be  ringent.  When  the  mouth  is  closed,  or  partly  so,  by  an  elevated 
portion  or  protuberance  of  the  lower  lip,  called  the  palate,  as  in  the 
Snapdragon  and  Toadflax  (Fig.  459,  460),  the  corolla  is  said  to  be 
personate,  or  masked. 

513.  in  the  Snapdragon,  the  base  of  the  corolla  is  somewhat  pro- 
tuberant, or  saccate,  on  the  anterior  side ;  in  the  Toadflax,  the  pro- 
tuberance is  extended  into  a  hollow  spur.  A  projection  of  this  kind 
is  not  uncommon,  in  various  families  of  plants.  One  petal  of  the 
Violet  is  thus  spurred  or  calcarate  (Fig.  397) ;  so  is  one  of  the, outer 
petals  in  the  Fumitory,  and  each  of  them  in  Dicentra  (Fig.  370).  So, 
also,  one  of  the  sepals  is  spurred  or  strongly  sac-shaped  in  the  Jewel- 
weed  (Impatiens),  and  the  Larkspur  (Fig.  398)  ;  and  all  five  petals 
take  this  shape  in  the  Columbine.  A  monster  of  the  Toadflax  is 
occasionally  found,  in  which  the  four  remaining  petals  of  the  five 
which  enter  into  its  composition,  affect  the  same  irregularity,  and  so 
bring  back  the  flower  to  a  singular  abnormal  state  of  regularity. 
This  was  called  by  Linnaeus  Peloria  ;  a  name  which  is  now  used  to 
designate  the  same  sort  of  monstrosity  in  different  flowers. 
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-  514.  The  petals  are  sometimes  furnished  with  appendages  on 
their  inner  surface,  such  as  the  crown  at  the  summit  of  tlie  claw  in 
Silene  (Fig.  378,  449),  and  the  scales  similarly  situated  on  the 
gamopetalous  corolla  of  the  Comfrey,  &c.  These  appendages  some- 
times represent  a  circle  of  sterile  and  metamorphosed  stamens ;  but 
more  commonly  they  seem  really  to  belong  to  the  petaL 

515.  As  to  duration,  sometimes  the  floral  envelopes  are  caducous f 
i.  e.  falling  off  when  the  blossom  opens,  as  tlie  calyx  in  the  Poppy  fam* 
ily  and  the  corolla  of  the  Grape- Vine  (Fig.  384).  More  commonly 
they  are  deciduous,  or  fall  ailer  expansion,  but  before  the  fruit  foiins. 
When  they  remain  until  the  fruit  is  formed  or  matured,  they  are 
persistent,  which  is  often  the  case  with  the  calyx,  especially  when 
it  has  a  green  color  and  foliaceous  texture.  When  they  pei*s]st  in  a 
dry  or  withering  state,  as  the  corolla  of  Heaths,  Campanula,  &c., 
they  are  said  to  be  marcescent* 

516.  Besides  sei^ving  as  organs  of  protection,  the  sepals,  when 
green,  assimilate  sap,  and  act  upon  the  air  like  ordinary  foliage  (344, 
345).  Tlie  petals,  like  other  uncolored  (that  is  greenless)  parts,  do 
not  evolve  oxygen,  but  absti*act  it  from  the  air,  and  give  off  carbonic 
acid ;  in  other  woixis,  they  decompose  assimilated  matter,  —  a  pro- 
cess which  appears  to  be  needful  in  flowering,  and  to  subserve  some 
important  end  at  the  time  (3C8-373).  The  tissue  of  a  petal  is 
much  the  same  as  that  of  a  le€if,  except  that  it  is  much  more  delicate 
and  the  fibro-vascular  system  is  genei^ally  reduced  to  slender  bundles 
of  a  few  spiral  vessels,  &c.,  wliich  fonn  its  veins. 


I 


Sect.  VI.    The  Stamens. 

517.  The  Stamens  have  already  been  considered  in  a  general  way 
(418).  Before  describing  their  structure  more  particularly,  the 
principal  terms  which  relate  to  their  number,  connection,  and  posi- 
tion may  be  mentioned.  Most  of  these  terms  were  devised  by  Lin- 
naeus as  names  of  the  classes  of  his  Artificial  System  of  classiflcation 
(Part  IT.  Chap.  IV.),  founded  mainly  upon  characters  furnished  by 
the  stamens.  Their  number  in  a  flower  is  accordingly  expressed 
by  the  names  of  the  eleven  or  twelve  earlier  Linnasan  classes  (990), 
put  inta  adjective  form.  Thus,  a  flower  with  one  stamen  is  said  to 
\)e  moncmdrous  ;  vnth  ivfo,  dicmdrom  ;  yfith  Hxree,  triandrous  ;  with 
four,  tetrandrous ;  with  five,  pentandrous  ;  with  six,  kexandrous ,' 
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with  seren,  heptandmtu  ;  with  eight,  oetandrom  ;  with  nine,  ennean- 
drotti  ;  with  ten,  decandrttut ;  with  twelve,  dodeeandroui.  When 
more  than  twelve,  and  inserted  on  the  calyx,  they  are  iioeandrout,  or 
when  inserted  on  the  receptacle,  polynndrmtt. 

518,  As  to  their  union  with  each  other,  this  may  take  place  in 
various  ways.  Sometimes  the  filaments  are  combined,  while  the 
anthers  are  distinct.  When  thus  united  by  their  filaments  into  one- 
Bet,  they  are  snid  to  be  monadelphous  ;  aa  in  the  Lupine,  &c.  (Fig. 

462)  and  Mallow. 
When  united  by  their 
filaments  into  two 
Bets,  they  are  diadel- 
phoiu,  as  in  most 
plants  of  the  Puke 
family,  where  nine 
stamens  form  one  set 
and  the  tenth  is  soli- 
"'  ""  «.  «<  tary  (Fig.  461);  and 

in  Dicentra  (Fig.  3G9- 371),  where  the  six  stamens  are  equally  com- 
bined in  two  sets.  When  united  or  ar- 
ranged in  three  sets  or  parcels,  they  are 
said  to  be  Iriadelphoua,  as  in  the  com- 
mon St.  Johnswort ;  or  if  in  several, 
polyaddpkout ;  as  in  Linden,  When 
stamens  are  united  by  their  anthers  into 
a  tube  or  ring,  they  are  said  to  be  jfj/n- 
ffenetiota  (Fig.  463,  464).  This  occurs 
in  the  whole  vast  order  of  Compositse. 
Here  the  fire  filaments  are  distinct ; 
whereaa  in  Lobelia,  and  also  in  the 
Melon  and  Gourd  (Fig.  465,  466),  both  "  '" 

the  filaments  and  the  anthers  are  united ;  that  Ls,  the  stamens  are 
monadelphous  as  well  aa  Eyngenestous. 

519.  As  to  insertion,  stamens  are  hypogynoua  (466)  when  bOme 
on  the  receptacle,  that  is,  when  not  adnate  to  any  other  organ ; 

no.  461.  DUdilphsoi  itMueni  (9  ud  1)  oT  ■  P».  163.  UaaadilpbDiu  ituiBU  of  ■ 
tupinr. 

nfl  of  A  CompoflltL    404.    Tha  Bune,  laid  open, 
mce  tztedelphoiu  md  tjug/nx^rvt,  t>f  Iho  Ooud :  ttw 
>f  Uw  nnitad  Millun,licul/  tin  uWn)  ida. 
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perigjfnout  (4C7)  wlien  borne  <m  or  adnate  to  any  part  of  the  calyx ; 
epipetahiu,  when  borne  on  the  corolla,  as  in  the  greater  nnmber  of 
monopetaloua  flowers;  and  tpigyntmt  (469), 
when  borne  on  the  ovary.  In  some  casies  the 
adnation  proceeds  furt)ier,  and  the  stamens  are 
inserted  on,  i.  e.  are  consolidated  with,  the 
style,  as  in  tlie  Orchis  fiimily ;  then  they  are 
said  to  be  gynandrous  (Fig.  4G8). 

520.  There  are  two  cases  in  which  inequal- 
ity in  the  length  of  the  filaments  is  expre^ed  by 
a  technical  t«rnu  Niunely,  the  etamens  are 
Baid  to  be  didynnmotu  wlien,  being  only  four 

in  number,  they  are  in  pairs,  and  one  pair  is  *" 

longer  than  the  other;  as  in  Gerardia  (Fig.  407),and  in  most  flowers 
with  a  bilabiate  corolla.  And  they  ore  tetradynamoitt  when,  being 
six  in  number,  two  are  shorter  than  the  remaining  four,  as  in  Mus- 
tard and  all  that  family  of  plants  with  Cruciferous  flowers  (Fig.  40S). 

521.  A  stamen  consists  of  its  jUament  and  its  anther  (418). 
The  flhunent,  being  a  mere  Btalk  or  support  of  the  anther,  is  not  an 
essentia]  part ;  it  is  to  the  anther  what  the  petiole  is  to  the  blade  of 
a  leaf.  Sometimes,  therefore,  it  is  wanting,  when  the  anther  is 
tettile.  The  anther  is  essential  to  a  perfect  stamen.  But  socnetiroes 
a  stamen,  or  what  standi^  in  the  place  of  one,  is  destitute  of  an  anther, 
i.  e.  id  tterih,  as  in  Fig.  408 ;  and  also  the  upper  one  in  Fig.  463, 
tt^  which  is  a  sterile  fihunent  enlai^ed  into  a  petal-like  body.  The 
true  nature  of  the  organ  is  known  by  its  position. 

522.  Tbe  FHunCBl,  althwigh  usually  slender  and  stalk-like,  assumes 
a  great  rariety  of  {<xm& :  it  is  Eometimes  dilated  so  as  to  resemble  a 
petal,  except  by  its  bearing  an  anttier ;  as  in  the  transition  states  be- 
tween the  true  petals  and  stamens  of  the  Water-Lily  (Fig.  344).  The 
filament  is  anatomically  composed  of  a  central  bundle  of  spiral  tcs- 
sels  or  ducts,  which  represent  the  fibro-vascular  system  of  the  leaf, 
in  the  same  state  as  in  the  petiole,  enveloped  by  parenchyma;  tbe 
outer  stratum  of  which  forms  a  delicate  epidermis. 

5S3.  Tbt  AntiitT,  which  is  the  essential  part  of  the  stamen,  is  usu- 
ally borne  on  the  apex  of  the  filament ;  and  commonly  consists  of 
two  lohea,  or  ctUt  (thecte),  placed  side  by  side,  and  connected  by  a 
prolongation  of  tlie  filament,  called  the  connectivum,  or  eotinectire. 

no.  MS.    Stunnu  and  ttijlt  et  ■  C;rpilp«Uiun,  united  islo  ma  bodj-  or  nhnrm.-  a, ' 
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524.  The  attachnient  of  the  anther  to  the  filament  presents  three 
principal  modes.  Ist  When  the  base  of  the  connective  exactly 
corresponds  with  the  apex  of  the  filament  and  with  the  axis  of  the 
anther,  the  latter  is  termed  innate^  and  rests  firmly  upon  the  summit 

of  the  filament,  as  in  Fig.  4G9.  2d. 
When  the  lobes  of  the  anther  adhere 
for  their  whole  length  to  a  prolonga- 
tion of  the  filament,  or  to  a  broad 
connective  (whichever  it  be  called), 
80  as  to  appear  lateral,  it  is  said  to 
be  adnate ;  as  in  Magnolia,  Lino- 
dendron  (Fig.  470),  &c  Here  the 
anther  must  be  either  extrorse  or  «n- 
trorse.  It  is  tntrorse,  or  ttumed  in- 
wards, when  it  occupies  the  inner 
side  of  the  connective,  and  faces  the  pistils,  as  in  Magnolia ;  but 
when  the  anther  looks  away  from  the  pistils  and  towards  the  petals 
or  sepals,  it  is  said  to  be  extrorse,  or  turned  outwards,  as  in  Iris, 
Liriodendron,  and  Asarum  (Fig.  472).  3d.  When  the  anther  is 
fixed  by  a  point  near  its  middle  to  the  apex  of  the  filament,  on  which 
it  lightly  swings,  it  is  said  to  be  versatile  ;  as  in  all  Grasses,  in  the 
Lily,  and  in  the  Evening  Primrose  (Fig.  471),  &c  In  this  case,  as 
in  the  preceding,  the  anther  is  said  to  be  tntrorse,  or  incumbent, 
when  it  is  turned  towards  the  pistil,  which  is  the  most  common 
way ;  and  extrorse,  when  it  faces  outwards. 

525.  The  connective  is  oflen  inconspicuous  or  wholly  wanting,  so 
that  the  lobes  of  the  anther  are  directly  in  contact  on  the 

apex  of  the  filament ;  but  it  is  commonly  evident.  It  is 
oflen  produced  into  an  appendage  at  tlie  tip  of  the  anther, 
as  in  Magnolia  and  Liriodendron  (Fig.  470),  the  Papaw 
(Fig.  956,  where  it  forms  a  rounded  top),  and  Asarum 
(Fig.  472).  Appendages  or  pix)cesses  from  the  back  of 
the  connective  are  seen  in  the  stamens  of  the  Violet  and  of 
many  Ericaceous  plants.  *^ 

526.  Each  of  the  two  cells  or  lobes  of  the  anther  is  marked  with 
a  lateral  line  or  furrow,  running  from  top  to  bottom ;  tliis  is  the 


FIG.  469.  A  stamen  of  Isopyram  bitematam,  with  an  !nnate  anther  470.  Stamen  of  Urio- 
dendron,  or  Tulip-tree,  with  an  adnate  extrorse  antlier.  471.  Stamen  of  (Enotbera  giaoca, 
with  the  anther  fixed  bj  its  middle  and  rersatile. 

FIG.  472.  A  stamen  of  Asarum  Canadense,  with  an  adnate  anther. 
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future^  or  line  of  dehiscence,  by  which  the  anther  opens  at  maturity 
to  discharge  the  pollen  (Fig.  473).  Tiiis  line  is  for  the  most  part 
exactly  lateral  in  innate  anthers  ;  but  it  looks  more  or  less  evidently, 
and  often  directly,  inward  in  introi'se,  and  outward  in  extrorse 
anthers*  In  certain  ca^es  the  cells  of  the  anther  open  only  at  the 
summit,  by  a  pore  or  hole,  as  in  Py- 
rola  (Fig.  474)  and  most  Ericaceous 
plants.  In  the  Whortleberry  family 
each  cell  or  lobe  is  commonly  pro* 
longed  into  a  tube,  which  opens  only 
at  the  apex  (Fig.  391).  In  the  Bar- 
berry (Fig.  475),  and  in  nearly  all 
plants  of  the  Barberry  family,  the 
whole  face  of  each  anther-cell  sepa- 
rates by  a  ccxitinuous  line,  foiming  a  kind  of  door,  which  is  attached 
at  the  top,  and  turns  back,  as  if  on  a  hinge :  in  this  case  the  anthers 
are  said  to  open  by  valves.  In  the  Sassafras  (Fig.  1114),  and  many 
other  plants  of  the  Laurel  family,  each  lobe  of  the  anther  opens  by 
two  such  valves,  like  trap-doors. 

.  527.  Sometimes  the  anthers  are  one-celled  by  the  suppression  of 
one  lobe,  being  dimidiate,,  or  reduced  as  it  were  to  half-stamens,  &s 

in  Gromphrena  or  Globe-Amaranth  (Fig.  478). 

But  most  one-celled  anthers  are  the  result  of  * 

the  conjlttence  of  the  two  cells  into  one.     A 

comparison  of  the  two-celled  anther  of  Pent- 

stemon  pubescens,  where  the  two  cells  diverge 

below  and  are  somewhat  united  at  the  top 

(Fig.  476)  with  the  kidney-shaped  one-celled 

anther  of  a  Mallow,  opening  by  a  continuous 

line  all  ix)und  the  margin  (Fig.  477),  shows 

how  this  result  is  brought  about. 

528.  As  to  anatomical   structure,  each  lobe  of  the   full-gro>vn 

anther  consists  of  an  epidermal  membrane,  lined  with  a  delicate 

fibrous  tissue,  and  surrounding  a  cavity  filled  with  pollen.     This 
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TIO.  473.  A  stamen,  with  ita  anther,  6,  opening  in  the  normal  manner  down  the  whole 
length  of  the  outer  side  of  each  cell :  a,  the  filament. 

FIQ.  474.  Stamen  of  a  Pyrola ;  each  cell  of  the  anther  opening  by  a  terminal  orifice. 

FIQ.  475'  Stamen  of  a  Barberry  ;  the  cells  of  the  anther  opening  by  an  uplifted  valTe. 

FIQ.  476.  A  stamen  of  Pentstemon  pubescens  ;  anther-cells  slightly  confluent. 

FIQ.  477.  Stamen  of  Mallow ;  the  two  cells  confluent  into  one^  opening  round  the  margin. 

FIQ.  478.  Anther  of  Qlobe  Amaranth,  of  only,  one  cell ;  the  other  cell  obliterated. 
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iibnm9  lining  (a  little  of  which  is  shown  in  Fig.  45,  from  the  anther 
of  Gobcea)  is  composed  of  simple  or  branching  threads  or  bands, 
which  formed  the  thickening  deposit  on  the  walls  of  large  paren- 
chymatous cells ;  all  the  membrane  between  the  bands  becoming  ob- 
literated as  the  anther  approaches  matuntjr,  the  latter  alone  remain, 
ns  a  set  of  delicate  fibres.  This  fibrous  layer  gradually  diminishes 
in  thickness  as  it  approaches  the  line  of  dehiscence  of  the  cell, 
and  there  it  is  completely  interrupted.  These  very  elastic  and  hygro- 
metric  threads  lengthen  or  contract  in  different  ways,  according 
as  the  anther  is  dry  or  moist,  and  are  thought  to  favor  the  egre^^s 
of  the  pollen.  The  outer  stratum  of  the  wall  of  the  anther  in  dry- 
ing contracts  more  than  the  inner,  and  so  opens  the  cell,  in  many 
aises  turning  the  walls  inside  out  after  dehiscence,  as  in  Ulies 
and  Grasses. 

529.  Of  all  the  fioral  organs,  the  anther  shows  least  likeness  to 
a  leaf.  Nevertheless,  the  early  development  is  nearly  the  same. 
Like  the  leaf,  the  apex  is  earliest  f<»-med,  appearing  first  as  a  solid 
protuberance,  and  the  anther  is  completed  befwe  the  filament,  which 
answers  to  the  leafstalk,  makes  its  a^^arance.  At  first,  the  anther 
is  of  a  greenish  hue,  although  at  maturity  the  cells  assume  a  differ- 
ent color,  more  commonly  yellow.  A  transverse  section  of  the  form- 
ing anther  shows  four  places  in  which  the  transformation  of  the  paren- 
chyma into  pollen  commences,  which  answer  to  the  c^itre  of  the 
four  divisions  of  the  parenchyma  of  a  leaf,  viz.  the  two  sides  of  the 
blade,  each  distinguished  into  its  upper  and  its  lower  stratum.     So 

that  the  anther  is  primarily  and  typically  four-celled ; 
each  lobe  being  divided  by  a  portion  of  untransformed 
tissue,  stretching  from  the  connective  to  the  opposite 
side,  which  corresponds  to  the  margin  of  the  leaf  and 
the  line  of  dehiscence.  This  appearance  is  presented 
by  a  large  number  of  full-grown  anthers ;  but  the  par- 
tition usually  disappears  before  the  anther  opens,  when 
each  lobe  becomes  single  celled.  The  normal  mither 
is  consequently  considered  as  two<oelled.  In  Mem- 
spermum  and  Cocculus,  however,  the  anther  is  strongly 
four-lobed  externally,  and  each  lobe  forms  a  distinct 
cell  at  maturity. 

530.  Viewed  morphologically,  therefore,  the  filament  answ;ers  to 


no.  479.    Plan  of  a  stamen  as  answering  to  a  leaf;  the  upper  part  of  tiie  anther  ent  awaj, 
and  tha  summit  of  a  leaf  xepnsented  above  it. 
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the  petiole  of  a  leaf;  the  anther,  to  the  blade.  The  connective 
represents  the  midrib ;  the  lobes  or  cells  of  the  anther  reprefwnt  the 
two  symmetrical  halves  of  the  blade ;  and  the  line  of  dehiscence  is 
normally  along  the  mai^ns  of  the  transformed  leaf.  What  in  the 
leaf  would  be  cells  of  parenchyma  develop  as 

531.  Pollen.  This  usually  powdery  substance  consists,  of  grains, 
of  definite  size  and  shape,  uniform  in  the  same  plant,  but  oflen  very 
dtfTerent  in  different  species  or  fiimilies.  The  grains  are  commonly 
single  cells,  globular  or  oval  in  shape,  and  of  a  yellow  color.  But 
in  Spiderwort  they  are  oblong ;  in  the  Cichory  and  Thistle  tribes 
manynsided  (Fig.  485)  ;  in  the  Musk-plant  spirally  grooved  (Fig. 
480)  ;  in  the  Mallow  family  (Fig.  488)  and  the  Squash  and  Pump- 


kin, beset  with  bristly  projections,  &c  The  pollen  of  Pine  (Fig. 
486),  as  well  as  that  of  the  Onagraceae  (Fig.  487,  489),  is  not  so 
simple,  but  appears  to  consist  of  three  or  four  blended  cells  ;  that  of 
all  true  Ericaceae  evidently  consists  of  four  grains  or  ceUs  united 

484  tas  .488  487  488 

(Fig.  488).     The  most  extraordinary  shape  is  that  of  Zostera,  or 
the  Eel-grass  of  salt-water,  in  which  the  grains 
(destitute  of  the  outer  coat)  consist  of  long  and 
slender  threads,  which,  as  they  lie  side  by  side 
in  the  anther,  resemble  a  skein  of  silk. 

532.  Pollen-grains  are  usually  formed  in  fours, 
by  the  division  of  the  living  contents  of  mother 
cells  first  into  two,  and  these  again  into  two  parts,  which,  acquiring 
a  coat  of  cellulose,  become  specialized  cells  (36).  As  the  pollen 
completes  its  growth,  the  walls  of  the  mother  cells  are  usually  oblit- 
erated.    But  sometimes  the  enclosing  cells  persist,  and  collect  the 

TIG.  480-489.  Formi  of  pollen:  480,  firom  Mixnaliis  mosehatcw:  481,  Sicyon:  482,  Echi- 
noeystis:  483,  HibUcus:  484,  Lily:  486,  Clchoiy:  488,  PiiM:  487,  CirecM:  488,  Kalmia: 
489,  Xvrnlnc  PriauoM. 
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pollen-grains  into  coherent  masses  of  various  consistence,  as  is  re- 
markably the  case  in  the  Orchis  and  Milkweed  families  (Fig.  543, 
&c).     Such  pollen-masses  are  sometimes  termed  poUinicu 

533.  The  thread.^,  resembling  cobweb,  that  are  loosely  mixed  with 
the  pollen  of  the  Evening  Primrose,  are  the  vestiges  of  obliterated 
mother  cells. 

534.  Pollen-grains  have  two  coats.  The  outer  coat,  called  the 
•extine,  is  comparatively  thick,  and  often  granular  or  fleshy.  This  is 
later  formed  than  the  inner,  and  by  a  kind  of  secretion  from  it :  to  it 
all  the  markings  belong.  The  inner  coat,  or  tfUine,  which  is  the 
proper  cell-membrane,  is  a  very  thin  and  delicate,  transparent  and 
colorless  membrane,  of  considerable  strength  for  its  thickness.  The 
pollen  of  Zo.>tera  and  of  some  other  aquatic  plants  is  destitute  of  the 
outer  coat  (531). 

535.  The  cavity  enclosed  by  the  coats  is  filled  with  a  viscid  liquid, 
rich  in  protoplasm,  which  often  appears  slightly  turbid  under  the 
higher  powers  of  ordinary  microscopes,  and,  when  submitted  to  a 
magnifying  power  of  about  three  hundred  diameters,  is  found  to 
contain  a  multitude  of  minute  particles  (fovUke),  the  larger  of 
which  are  from  the  four-thousandth  to  the  five-thousandth  of  an  inch 
in  length,  and  the  smaller  only  one  fourth  or  one  sixth  of  this  size. 
The  smaller  exhibit  the  constant  molecular  motion  of  all  such  mi- 
nute particles  when  suspended  in  a  liquid  and  viewed  under  sufii- 
cient  magnifying  power.  When  wetted,  the  grains  of  pollen  prompt- 
ly absorb  water  by  endosmosis  (37),  and  are  distended,  changing 
their  shape  somewhat,  and  obliterating  the  longitudinal  folds,  one  or 
more  in  number,  which  many  gi'ains  exhibit  in  the  dry  state.  Soon 
the  more  extensible  and  elastic  inner  coat  inclines  to  force  its  way 
through  the  weaker  parts  of  the  outer,  especially  at  one  or  more 
thin  points  or  pores ;  sometimes  forming  a  projection  of  considerable 
length,  when  the  absorption  is  slow  and  the  exterior  coating  tough. 
If  the  absorption  continues,  the  distention  soon  overcomes  the  resist- 
ance of  the  elastic  inner  coat,  which  bursts,  and  the  contents  are  dis- 
charged. 

536.  "When  fresh,  living  pollen  falls  upon  the  stigma,  however, 
which  is  barely  moist,  it  does  not  burst,  but  the  inner  membrane  is 
slowly  projected,  often  thix)ugh  particular  points,  clefts,  or  openings 
of  the  outer  coat,  in  the  fonn  of  an  attenuated  transparent  tube  (Fig, 
537-547),  filled  with  its  fluid  contents,  and  which  penetrates  the 
miked  and  loose  cellular  tissue  of  the  stigma,  and  buiies  itself  in 
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the  style.  ,  This  is  not  a  mechanical  protrusion,  but  a  true  growth, 
the  materials  for  which  are  supplied  by  nourishment  imbibed  from 
the  stigma  and  style.  Its  further  course  and  the  office  it  subserves 
will  be  considered  after  the  structure  of  the  pistil  is  made  known. 
(Sect.  IX.) 

Sect.  VII.   The  Pistils. 

537.  The  Pistils  (419)  occupy  the  centre  of  the  flower,  and  ter- 
minate the  axis  of  growth.  Linnaeus  established  the  orders  of  his 
Artificial  System  mainly  upon  the  pistils,  and  this  introduced  a  se- 
ries of  terms  expressive  of  their  number  in  a  flower,  analogous  to 
those  used  for  the  number  of  stamens  (517).  Thus  a  flower  with  a 
single  pistil  is  said  to  be  monogynous  ;  with  two,  digyntyus  ;  with  three, 
irtgynous  ;  with  four,  tetragynaus  ;  with  five,  pentagynous  ;  and  so 
on  :  when  more  numerous  or  indefinite,  the  flower  is  polygynous, 

538.  It  is  comparatively  seldom  that  the  pistils  are  exactly  equal 
to  the  petals  or  sepals  in  number ;  they  are  sometimes  more  numer- 
ous, and  arranged  in  several  rows  upon  the  enlarged  or  prolonged 
receptacle,  as  in  the  Magnolia,  the  StrawbeiTy,  &c.,  and  perhaps 
more  frequently  they  are  reduced  to  less  than  the  symmetrical  num- 
ber, or  to  a  single  one.  Yet  often  what  appears  to  be  a  single  pistil 
is  not  so  in  reality,  but  a  compound  organ,  formed  by  the  union  of 
two,  three,  or  a  greater  number  of  simple  pistils ;  these  organs  being 
subject  to  coalescence  in  the  same  way  as  the  stamens  (518)  and  the 
petals  (507,  462). 

539.  A  simple  and  complete  pistil,  as  already  described  (420),  is 
composed  of  three  parts :  the  Ovary,  or  seed-bearing  portion ;  the 
Style,  or  tapering  portion,  into  which  the  apex  of  the  ovary  is  pro- 
longed ;  and  the  Stig:ha,  usually  situated  at  the  summit  of  the  style, 
consisting  of  a  part,  or  sometimes  a  mere  point,  of  the  latter,  divested 
of  epidermis,  with  its  moist  cellular  tissue  exposed  to  the  air.  The 
ovary,  which  contains  the  ovules,  or  bodies  which  are  to  become 
seeds,  is  of  course  a  necessaiy  part  of  the  pistil ;  the  stigma,  which 
receives  from  the  anthers  the  pollen  (531)  by  which  the  ovules  are 
fertilized,  is  no  less  necessary ;  but  the  intervening  style  is  no  more 
essential  to  the  pistil  than  the  filament  is  to  the  stamen,  and  is  there- 
fore not  uncommonly  wanting.  In  the  latter  case,  the  stigma  is 
sessile  upon  the  apex  of  the  ovary.  In  Tasmannia  it  actually  occu- 
pies the'  side  of  the  Ovary  for  nearly  its  whole  length,  and  is  sepa- 
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rated  from  the  line  to  which  the  ovules  are  attached  onlj.  by  the 
thickness  of  the  walls :  it  is  nearly  the  same  in  our  Schizandra 
(Fig.  493),  another  plant  of  the  Magnolia  family.  The  style  some- 
times proceeds  from  the  side,  or  even  from  near  the  apparent  base 
of  the  ovary ;  as  in  the  Strawberry  (Fig.  428). 

540.  When  the  pistil  is  single,  or  when  several  coalesce  into  one,  it 
will  necessarily  terminate  the  axis,  and  appear  to  be  a  direct  con- 
tinuation of  it  "When  there  are  two  pistils  in  the  flower,  they  al- 
ways stand  opposite  each  other  (so  that  if  they  coalesce  it  is  by 
their  inner  faces)  ;  and  are  either  lateral  as  respects  the  flower,  that 
is,  one  on  the  right  side  and  the  other  on  the  lefl,  in  a  plane  at  right 
angles  to  the  bract  and  axis  (444),  as  in  the  Mustard  family,  the 
Gentian  family,  and  a  few  others ;  or,  more  commonly,  anterior  and 
posterior,  one  before  the  axis  and  the  other  before  the  bract  of  the 
axillary  flower.  When  they  accord  in  number  with  the  sepals  or 
petals,  they  are  either  opposed  to  or  alternate  with  them ;  and  the 
two  positions  in  this  respect  are  sometimes  found  in  nearly  related 
genera,  so  as  to  baffle  our  attempts  at  explaining  the  cause  of  the 
difference.  In  Favonia,  for  example,  the  five  pistils  are  opposite, 
the  petals ;  in  Malvaviscus  and  Hibiscus,  alternate  with  them.  In 
Sida  (when  ^\Qi)  they  stand  opposite  the  petals ;  in  Abutilon,  opposite 
the  sepals. 

541.  Pistils  occur  under  such  a  diversity  of  forms,  and  exhibit 
such  various  complications,  that  the  plan  of  their  structure  and  the 
distinction  between  simple  and  compound  pistils  require  to  be  well 
understood.  Commencing,  therefore,  with  the  most  natui*al  forms, 
and  proceeding  gradually  to  the  more  complex  or  disguised,  we  first 
consider 

542.  The  Simple  Pistil)  and  the  way  in  which  it  answers  to  a  leaf. 
A  simple  pistil  answers  to  a  single  leaf.  A  compound  pistil  answers 
to  two  or  more  leaves  combined,  just  as  a  monopetalous  corolla 
answers  to  two  or  more  petals,  or  leaves  of  the  flower,  united  into 
one  body.  As  to  its  morphology,  the  botanist  regards  a  simple 
pistil  as  consisting  of  the  blade  of  a  leaf,  curved  inwards  until  its 
margins  meet  and  unite,  forming  in  this  way  a  closed  case,  or  pod, 
wliich  is  the  ovary.  .  So  that  the  upper  face  of  the  altered  leaf 
answers  to  the  inner  surface  of  the  ovary,  and  the  lower,  to  its 
outer  surfiice.  And  the  ovules  are  borne  on  what  answers  to  the 
united  edges  of  the  leaf.  The  tapering  suumiit,  rolled  together 
and  prolonged,  forms  the  style,  when  there  is  any ;  and  the  edges 
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of  the  altered  lenf  turned  outwards,  either  at  the  tip  or  along  the 
inner  side  of  tlie  style,  form  the  Etigroa.  Tliia  will  be  clearly  un- 
derstood on  comparing  Fig,  342  and  Fig.  491,  which  are  pistils 
transversely  divided,  with  Fig.  490,  a  leaf  curved  inwarda  until  its 
margins  nearly  meet,  and  with  Fig. 
4d2,  a  simple  pistil  of  Caliha  or 
Marsh-Marigold  which  has  matured, 
split  open  along  the  inner  Bide  to 
discharge  the  seeds  it  bore,  and 
spread  out  into  the  shape  of  a  leaf. 

543.  The  line  formed  by  the  union 
of  the  margins  of  the  leaf  is  called 
the  Inner  or  Ventral  Suture,  and 
always  looks  towards  the  axis  of  the  4, 

flower.     This  is  a  true  Buture,  or 

team,  as  the  word  denotes.  The  opposite  line,  answering  to  the  mid- 
rib, is  sometimes  apparent  as  a  thickened  line,  and  is  termed  the 
Outer  or  Dorsal  Stiture.  The  ovules  or  young  seeds  are  borne  (in 
aU  ordinary  cases  at  least)  on  the  inner  suture,  or  some  part  of  it ; 
that  is,  on  what  answers  to  the  united  margins  of  the  infolded  and 
transformed  le.if.  The  part  in  the  cell  of  the  ovary  to  which  the 
ovules  are  attached,  and  which  is  commonly  more  or  less  enlarged 
cw  projecting  when  the  ovules  are  numerous,  is  named 

644.  The  PlBCenU.  As  this  corresponds  with  the  ventral  suture, 
and  is  in  fact  a  part  of  it,  or  a  cellular  growth  from  it,  it  always 
belongs  next  the  axis  of  the  flower ; 
as  is  evidently  the  ease  when  two, 
three,  or  more  pistils  are  present. 
Each  placenta  necessarily  consists  of 
two  parts,  one  belonging  to  each  margin 
of  the  transfoiTOed  leaf.  It  therefore  is 
frequently  two-lobed,  or  of  two  diverg- 
ing lamell*  {Fig.  342).  This  shows 
3  occupy  two  longitudinal  rows,  as  in 


why  the   ovules   are   apt   1 
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the  figure  last  cited,  and  in  Fig.  491,  495,  &c.,  one  row  belonging  to 
each  margin  of  the  leaf.  A  simple  pistil,  accordingly,  can  liave 
only  one  placenta ;  but  that  is  structurally  double. 

545.  So  a  single  pistil  can  have  only  one  style  and  one  stigma. 
But  as  the  stigma  answers  to  the  margins  of  the  apex  of  the  leaf, 
this  must  also  be  double  in  its  nature.  And  this  is  evidently  the 
case  in  the  Peony  and  Isopyrum  (Fig.  491),  in  the  Tulip,  as  well 
as  in  Fig.  493  -  495,  and  in  almost  all  cases  in  which  the  stigma 
extends  down  the  inner  face  of  the  style,  as  it  frequently  does. 
Such  unilateral  stigmas  we  accordingly  take  to  be  the  typical  form ; 
and  say  that,  while  the  united  margins  of  the  transformed  leaf  which 
compose  the  ventral  suture  are  turned  inwards  into  the  cell  of  the 
ovary  to  hear  the  ovules,  in  the  simple  style  they  are  exposed  external' 
ly  to  form  the  stigma.  Where  the  stigma  is  terminal,  or  occupies 
only  the  apex  of  the  style,  we  suppose  that  these  margins  are  in- 
folded in  the  style  abo,  and  form  in  its  interior  the  loose  conducting 
tissue  through  which  a  communication  is  established  between  the 
stigma  and  the  interior  of  the  ovary. 

546.  The  ovary  of  a  simple  pistil  obviously  can  have  but  one 
cavity  or  cell ;  except  from  some  condition  out  of  the  natural  order 
of  things.  But  the  converse  does  not  hold  true :  all  pistils  of  a  sin- 
gle cell  are  not  simple.  ]Many  compound  pistils  are  one-celled,  as 
will  presently  be  explained. 

547.  A  leaf  or  member  of  the  gynaecium  then,  when  separate, 
forms  a  simple  pistil ;  when  combined  with  others,  it  makes  part  of  a 
compound  pistil.  It  is  convenient  to  have  a  name  which  shall  desig- 
nate a  single  pistil-leaf,  whether  occurring  as  a  distinct  simple  pistil, 
or  as  an  element  of  a  compound  pistil.  For  this  purpose  the  name 
of  Carpel  has  been  devised.  A  carpel  is  either  a  simple  pistil, 
or  is  one  of  a  circle  of  leaves  which  compose  a  compound  pistil 
"When  the  pistils  are  distinct  from  each  other,  they  are  said  to  be 
apocarpous ;  when  united  into  one  body,  syncarpous.  This  union 
produces  a 

548.  Compound  Pistil.  All  degrees  of  union  of  the  carpels  may 
be  observed,  from  the  coalescence  of  the  lower  part  of  their  ovaries, 
their  summits  remaining  separate  (as  in  Fig.  496),  or  from  the  com- 
plete union  of  the  ovaines  into  one  body,  the  styles  remaining  sepa- 
rate (as  in  Fig.  497),  to  the  complete  coalescence  of  the  styles  also 
(Fig.  498),  and  even  of  the  stigmas  (Fig.  499),  into  one  body.  It  is 
evidently  the  same  as  if  two  or  more  pistils  (in  Fig.  497  -  499,  three 
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pistils)  were  pressed  together  as  they  grew  and  consolidated  more  or 
less  completely  into  one.  And  in  this,  the  most  normal  case,  we  have 
as  the  result  compound  pistils 

549.  With  two  or  more  Cells  and  Axile  Plaeents.    For  it  is  evident 


that,  if  the  contiguous  parts  of  a  whorl  of  three  or  more  closed  car- 
pels cohere,  the  resulting  compound  ovary  will  have  as  many  cavi- 
ties, or  cells,  as  there  are  carpels  in  its  composition,  and  the  placentae 
(one  in  the  inner  angle  of  each  carpel)  will  all  be  brought  together 
in  the  axis  of  the  compound  pistil.  And  the  partitions,  or  Dissep- 
iments, which  divide  the  compound  ovary  into  cells,  manifestly 
consist  of  the  united  contiguous  portions  of  the 
walls  of  the  carpels.  These  necessarily  are 
composed  of  two  layers,  one  belonging  to  each 
carpel ;  and  in  ripe  pods  they  often  split  into 
the  two  layers.  True  dissepiments  must  always 
be  equal  in  number  to  the  carpels  of  which  the 
compound  pistil  is  composed. 

550.  In  certain  cases,  indeed,  there  are  addi- 
tional partitions,  or  false  dissepiments.     These  are  commonly  projec- 

FIG.  496.  Pifltil  of  a  Saxifrage  eompoeed  of  two  carpels  or  simple  pistils  united  below,  but 
distinct  aboTe ;  cut  across  both  above  and  below. 

FIG.  497.     Pistil  of  common  St.  Johnswort,  of  three  united  oyaries ;  their  styles  distinct. 

FIG.  498.  The  same  of  another  species  of  St.  Johnswort  (Hypericum  prolificum^,  the  styles 
also  united  into  one,  which,  howcTer,  split  apart  in  the  fruit. 

FIG.  499.  Pistil  of  Tradcscantia  or  Spiderwort,  cTcn  the  three  stigmas  united  into  one. 
The  ovary  in  all  cut  across  to  show  the  internal  structure. 

FIG.  600.  CroFs-rcetion  of  a  Cower  of  Flax ;  each  of  the  flye  cells  of  the  ovary  partly  divided 
by  an  imperfect  faLso  parti lioa  from  tae  back. 
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tions  or  growths  from  the  dorsal  suture ;  whether  in  a  simple  pistil  (as 
that  of  most  species  of  Astragalus,  Fig.  805),  or  from  the  back  of 
each  proper  cell  of  a  compound  pistil,  as  in  the  Service-berry,  tlie 
Blueberry,  and  the  common  Flax  (Fig.  500). 

551.  We  have  considered  only  the  case  of  compound  pistils  of  two 
or  more  cells  in  the  ovary.  But  compound  pistils  also  not  unfre- 
quently  occur 

552.  Witll  only  one  Cell.  And  of  these  there  are  two  kinds  to  be 
noticed,  those  with  em/c,  and  those  with  parietal  placentce.  That  is, 
in  the  first,  the  ovules  are  borne  in  the  axis  or  centre  of  the  ovary, 
either  at  the  base  or  on  a  column  which  occupies  the  centre ;  in  the 
second,  they  are  borne  on  some  part  of  the  parietes  or  walls  of  the 
ovary.     The  first,  viz. 

553.  With  a  Free  Central  Plaeenta,  is  found  in  the  Primrose,  Purslane 
(Fig.  389),  and  Pink  families  (Fig.  432,  501,  502). 
In  the  Pink  family  this  evidently  results  from  the  ob- 
literation of  the  dissepiments  (as  many  as  there  are 
styles  or  stigmas)  ;  and  vestiges  of  these  may  be  de- 
tected^ at  an  early  stage,  and  sometimes  at  the  base  of 
the  full-grown  ovary ;  while  certain  plants  of  the  same 
family,  of  otherwise  identical  structure,  retain  the  par- 
titions even  in  the  ripe  pod.  In  other  instances,  as  in 
Dlonaea,  Thrift,  &c.,  this  is  doubtless  a  modification  of 
parietal  placentation,  with  ovules  produced  only  at  the 
bottom.  This  brings  us  to  the  case  of  compound  one- 
celled  pistils 

554.  With  Parielal  FlacentSj  that  is,  with  the  placentae  borne  on 
the  sides  or  parie- 
tes of  the  ovary, 
as  in  the  Poppy, 
Caper,  Cistus  or 
llock-Rose  (Fig. 
507),  Violet,  Sun- 
dew (Fig.  510), 
and  Currant  families,  and  many  others.     To  comprehend  this  per- 
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FIG  601.  Vertical  section  through  the  compound  tricarpellaty  OTary  of  a  plant  of  Spei*ga- 
laria  rubra,  showing  the  free  central  placenta.    502.  TransTcr^e  i^ection  of  the  same. 

FIG.  503-505.  Diagrams  illustrating  parietal  and  free  central  placentation.  503.  Cross- 
section  of  a  tricarpellary  OTary,  with  a  free  central  placenta,  produced  by  the  obliteration  of 
the  diaaepimenta.  504.  Section  of  an  ovary  with  three  strictly  parietal  placentae.  505.  Same, 
e:i^cept  tliat  tliere  are  incomplete  partlciona. 
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fectly,  we  have  only  to  imagine  two,  three,  or  any  number  of  piatil- 
leaves  (like  Fig.  490),  arranged  in  a  circle,  to  unite  with  one  another 
by  their  contiguous  edge",  either  without  any  intro- 
flexion  or  infolding  at  all  (Fig.  504),  or  at  least 
without  their  infolded  edges  having  reached  the  cen- 
tre and  united  there  (Fig.  hf^by  50G)  The  combim- 
tion  is  accordingly  much  like  that  hj  which  petila 
unite  to  form  a  monopetalous  corolla,  only  the  edges 
of  the  pistil-leaves  are  always  turned  in,  where  they 
bear  the  ovules  Such  an  oviry  may 
/i^^^.  well  bo  compared  with  the  ^ilvite  un- 
K^^Sif  opened  calyx  of  Cieinati'*,  the  margins 
of  the  sepals  more  or  less  turned  in- 
wards (Fig.  445)  Every  gi-adafion  is 
found  between  axile  and  parietal  pla- 
sm centa^ion,  especially  in  the  St.  Johns-  "" 
ivort  family  (Fig.  508,  500)  and  in  the  Gourd  family. 

555.  An  ovary  with  parietal  placenlte  is  necessarily  one-celled; 
except  it  be  divided  by  an  anomalous  partition,  such  as  is  found  in 
Cruciferous  plants,  and  in  the  Trum- 
pet Creeper. 

556.  It  will  be  seen  that  parietal 

placentte  are  necessarily  double,  like 

the  placenta  of  a  simple  ovary,  or  of 

each  carpel  of  a  compound  sevcral- 

""  "*  celled  ovary  ;  but  with  this  difference, 

that  in  these  the  two  portions  l>elong  lo  the  two  mar^ns  of  the 

same  carpel ;  while  in  parietal  placentie  they  are  formed  from  the 

coalescent  margins  of  two  a<ljacent  carpels. 

557.  The  number  of  carpels  of  which  a  compound  ovary  consists 
is  indicated  by  the  number  of  true  dissepiments  when  these  exist ; 
or  by  the  number  of  placentre,  when  these  are  parietal ;  or  by  the 
number  of  styles  or  stigmas,  when  these  are  not  wholly  united  into 
one  body.     Thus  a  simple  pistil  has  a  single  cell,  a  single  placenta, 
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and  a  single  style.     A  pistil  of  two  carpels  may  be  two-celled,  with 
two  placentae,  two  styles,  or  two  stigmas,  &c.* 

♦  There  are,  however,  some  exceptions  which  qualify  these  statements  :  — 

1.  Each  placenta  being  a  double  organ  (556),  it  occasionally  happens  that 
the  two  portions  are  separated  more  or  less,  as  in  Orobanchaceous  plants,  where 
a  dicarpellary  ovary  appears  on  this  account  to  have  four  parietal  placentae ; 
either  approximate  in  pairs  (as  in  our  Cancer-root,  Conopholis),  or  equidis- 
tant (as  in  Aphyllon).  ^ 

2.  Analogous  to  this  is  the  case  where  the  two  constituent  elements  of  the 
stigma  (the  only  essential  part  of  the  style)  separate  into  two  half-stigmas,  as  is 
partially  seen  in  Fig.  494,  495.     The  stigma,  no  less  than  the  placenta,  belongs 

to  the  margins  of  the  infolded  leaf  (545),  these  mai-gins  being 
ouuliferous  in  the  ovary  and  stigmatiferoits  in  the  style  ;  as  Mr. 
Brown,  the  most  profound  botanist  of  this  or  any  age,  has 
clearly  shown.  These  two  constituent  portions  of  the  style  or 
stigma  occasionally  separate,  either  entirely  or  in  part,  as  in 
Euphorbiaceous  plants,  in  Grasses,  and  especially  in  Drosera 
(Fig.  510),  where  there  are  consequently  twice  as  many  nearly 
distinct  styles  as  there  are  parietal  placentae  in  the  compound 
ovary  If  the  two  component  parts  of  the  style  of  each  carpel 
were  reunited  into  one,  in  the  usual  manner,  their  number 
would  equal  the  placentae,  and  their  position  would  be  alter- 
nate with  the  latter.  But  since,  in  parietal  placentation,  each 
half-placentd  is  confluent  (not  with  its  fellow  of  the  same 
carpel,  but)  with  the  contiguous  half-placenta  of  the  adjacent  carpel,  it  were  surely 
no  greater  anomaly  for  the  elements  of  such  hdlf-sligmas  as  those  of  Drosera  to 
follow  the  same  course.  This  is  precisely  what  takes  place  in  Faniassia,  and  in 
other  cases  where  the  stigmas  are  opposite  the  parietal  placentae ;  —  cases  which 
were  thought  to  be  very  anomalous,  merely  on  account  of  the  adoption  of  a 
false  principle  (that  of  the  necessary  alternation  of  the  stigmas  and  placentae), 
but  which  are  really  no  more  extraordinary  than  parietal  placentation  itself 

3.  Furthermore,  the  production  of  ovules  is  not  always  restricted  to  what 
answers  to  the  margins  of  the  carpellary  leaves.  In  the  Foppy,  the  whole  sur- 
face of  the  long,  imperfect  partitions  is  covered  with  ovules ;  in  Butomus,  they 
are  borne  over  the  whole  internal  face  of  each  carpel,  and  in  Water-Lilies  over 
the  whole  surface,  except  the  inner  angle  of  each  cell,  where  alone  they  normally 
belong.  Reduced  to  two  in  the  allied  Water  Shield  (Brasenia,  Fig.  684),  the 
ovules  grow  from  the  dorsal  stUvre,  or  the  midrib  of  the  carpellary  leaf  alone  ! 
And  in  the  allied  Cabomba  itself  we  usually  find  its  three  ovules,  one  on  the 
dorsal  and  one  on  the  ventral  suture,  and  the  third  on  some  variable  part  of  the 
face  of  the  cell  in  the  vicinity  of  either  suture.  In  Obolaria,  Bartonia  (Centau- 
rcUa,  Michx.),  and  in  several  species  of  Gentian,  a  compound  one-celled  ovary  is 
ovuliferous  over  the  whole  face  of  the  cell ! 

All  placentation  is  very  differently  explained  by  those  who  adopt  the  hypoth- 

FIG.  610.    Pistil  of  Drosera  flliformis,  with  three  deeply  two-parted  styles :  the  ovary  cat 
aeroes,  showing  three  parietal  placentsB. 
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5.!>8.  TVTieii  the  styles  are  separate  towards  the  summit,  but 
united  below,  they  are  usually  described  as  a  single  orgixii ;  whicli 
is  said  to  be  painted,  cleft,  lobed,  &c..,  according  to  the  extent  of  colie- 
sion.  This  language  >vas  adopted,  as  in  the  case  of  leaves  (281) 
and  floral  envelopes  (4G2),  long  before  the  real  structure  was  under- 


esis  of  Scblciden,  Endlichcr,  and  others.  According  to  this  new  view,  since  buds 
regularly  arise  from  the  axils  of  leaves  and  from  the  extremity  of  the  stem  or 
axis,  and  only  in  some  exceptional  and  abnormal  cases  from  the  margins  or 
surface  of  leaves,  so  ovules,  which  are  viewed  as  a  fonii  of  buds,  arc  consijlercd 
to  arise  from  the  receptacle,  either  from  the  axis  of  the  flower,  like  terminal 
buds,  or  from  the  axils  of  the  carpellary  leaves,  like  axillary  buds.  Thus, 
placentsB  are  supposed  to  belong  to  the  Btem.  and  not  to  the  carpellary  leaves  ; 
and  a  one-celled  ovary,  with  one  or  more  ovules  arising  from  the  base  of  the 
cell,  would  nearly  represent  the  typical  state  of  the  gynajcium.  This  theory, 
which  the  intelligent  student  may  easily  apply  in  detail,  ofTci-s  a  ready  explana- 
tion of  free  central  placcntation,  especially  in  such  cases  as  Primula,  &c.,  where 
not  a  trace  of  dissepiments  is  ever  discoverable.  But  in  Caryophyllacea  the 
dissepiments  are  often  manifest.  In  applying  it  to  ordinary  central  placcnta- 
tion,  we  have  to  supjwse  the  cohesion  of  the  in  flexed  margins  of  the  carpellary 
loaves  with  a  central  prolongation  of  the  axis  or  receptacle  which  beai*s  the 
placcntffi.  But  in  parietal  placentation,  the  advocates  of  diis  thcoiy  arc  driven 
to  the  violent  supposition  that  the  axis  divides  within  the  compound  ovary  into 
twice  as  many  branches  as  the  cai-pels  in  its  composition,  and  that  these  branches 
regularly  adhere,  in  pairs,  one  to  each  margin  of  all  the  carpellary  leaves.  Its 
application  is  attended  with  still  greater  difliculties  in  the  case  of  simple  and 
uncombined  pistils,  where  the  ovules  occupy  the  whole  inner  sutuYe,  which  must 
be  taken  as  the  typical  state  of  the  gynaQcium  ;  but  to  which  the  new  h^-pothesis 
can  be  adapted  only  by  sup|X)sing  that  an  ovulifcrous  branch  of  the  axis  enters 
each  cai-pcl,  and  separates  into  two  parts,  one  cohering  with  each  margin  of  the 
metamorphosed  leaf.  This  view,  however,  not  only  appears  absurd,  but  may 
be  disproved  by  direct  observation,  as  it  has  been  most  completely  by  those 
monstrosities  in  which  an  anther  is  changed  into  a  pistil,  or  even  one  part  of 
the  anther  is  thus  transformed  and  bears  ovules,  while  the  other,  as  well  as  tlie 
filament,  remains  unchanged ;  —  a  case  where  the  ovules  are  far  removed  from 
anything  which  can  possibly  belong  to  the  axis.  We  may  further  remark,  that 
even  the  appearance  of  a  placenta  or  ovulifcrous  body  in  the  apparent  axil  of  a 
carpellary  leaf  no  more  proves  that  the  body  in  question  belongs  to  the  axis, 
than  that  the  appendage  before  the  petals  of  Paraassia  and  the  American  Lin- 
den represents  a  branch  instead  of  a  leaf.  As  to  the  terminal  naked  ovule  of 
the  Yew,  where  the  structure,  on  any  view,  is  reduced  to  the  greatest  ]x>ssiblo 
simplicity,  it  is  surely  as  probable  that  it  answers  to  the  earliest  formed,  or 
foliar,  portion  of  the  ultimate  phyton,  here  alone  developed,  as  to  the  cauline  part, 
.  which  so  seldom  appears  in  the  flower.  The  most  important  of  these  points 
are  elucidated  by  Mr.  Brown,  in  PlarUcR  Javanicce  RarioreSf  pp.  107-112,  in 
two  notes,  which  apparently  are  not  sufficiently  studied  by  botanists. 
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MooA  :  but,  ns  it  involves  an  (erroneous  iden,  tlie  exprRssions,  S'l/let 
diMtinct ;  united  at  the  bate  ;  vnited  to  the  middle,  or  mmmil,  &c^ 
M  the  case  may  be,  sliould  lie  employed  in  preference. 

559.  A  few  casual  exceptions  occur  to  tlie  gcnenil  rule  that 
oi'uk'S  and  nvcih  are  ixiih  produced  nnd  matured  within  an  ovary, 
namely,  m  a  cloi'd  car]wllary  leaf  or  set  of  combined  caipelUiry 
Icave-L  In  tlie  liluu  Cohosh  (Caulophyllum  timliclroidc:;)  tlie  o^nle^ 
ruplnre  llic  oi'ary  soon  after  flowering,  and  the  seeds  become  naked ; 
and  in  Mignonette  they  are  impedeetly  enclosed,  the  ovary  being 
open  at  the  sunmiit  fj'om  an  early  period.  In  all  such  ca.-<efl,  how- 
ever, the  pistil  is  formed  and  the  ovules  are  fertilized  in  the  ordi- 
nary wiiy. 

5G0.  GyDBCinra  of  Cjinnospennons  PlnntS.  A  far  more  remarkable 
exception  is  presented  by  tno  natural  families,  viz.  Conifers  (I'iiies, 
Fii-s,  &c.)  and  Cycadacem 
(Cyea=,  Zamia).  Here 
the  pistil,  as  like\vise  the 
whole  flower,  is  reduced  to 
the  last  degree  of  simplici- 
"'  *'*  "*  •'*        ty  i  each  fertile  flower  con- 

sisting merely  of  an  open  cnrpellnry  leaf,  in  place  of  an  ordinary  pistil, 
in  the  fonn  of  a  scale  (Fig.  511  -  510,  515,  31G),  or  of  Bome  other 
shnpi,  and  Iwaiing  two  or  more  omlea 
ujjon  some  pnrt  of  its  upper  surface.  At 
the  time  of  blossoming,  these  pistil-leavea 
of  the  forming  cone  divei^,  and  the  pol- 
len, abundantly  shed  from  the  staminate 

blossoms,  falls  directly  u^wn  the  exixtsed  | 

ovules.     Afterwards  the  scales  close  over  ' 

each  other  until  the  seeds  are  ripe.  In  the 
Yew  there  is  no  cai-pel  or  pistil-leaf  at  all ; 
but  the  fertile  blossom  consists  of  a  solitary 
naked  ovule,  bome  on  the  extremity  of  a  "'  "" 

FIO.  511.    SimIb  I.  f.  open  pistil,  mm  tlis  cons  of  >  Lurb,  mi  ths  tfani  of  nDwcrlng.  or  ■ 


FIG  615.    Draochlrtof  lh.An,* 

ic.nArbor--Vlt»,<» 

h  WDBijUng  or  > 

.Lnsta  ™]e(™  open  piaUl),  togrth 

tmlntiktuiuamm.    618.  Oiwof 

be  K>lu  or  pladli 

fHDOi™!  .«l  mm  onUrica,  thB  iaJ J 
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short  branch,  aiid  surrounded  by  a  few  small  bracts.  As  the  ovuUm 
are  here  naked  and  exposed  to  the  direct  contact  of  the  pollen,  and 
the  seeds  are  not  enclosed  in  anything  answering  to  a  i)od,  tliese 
have  received  the  name  of  Gymnosper3ious  Plants,  that  is,  planU 
with  naked  seedi. 


Sect.  VIII.     The  OvtLE. 


561.  Ovules  (420, 543)  are  bodies  home  by  the  pistil,  which,  on 
being  fertilized  and  having  an  embiyo  developed  in  them,  become 
seeds.  To  their  foiination,  fertilization,  and  protection  all  the  other 
paints  of  the  blossom  are  subservient.  They  vary  greatly  in  num- 
ber, from  one  (solitary)  in  each  carpel  or  cell  to  a  multitude.  "WTien 
few  and  uniform  in  number,  they  are  said  to  be  definite ;  when  too 
numerous  to  be  readily  counted,  indefinite. 

562.  As  to  situation  and  direction,  they  are  erect  when  they  arise 
from  the  very  bottom  of  the  cell  (Fig.  518) ;  ascending j  when  fixed 
above  its  base  and  rising  obliquely 
upwards  (Fig.  517)  ;  horizontal, 
when  they  project  from  the  side  of 
tlie  cell,  without  turning  either  up- 
wards or  downwards  (Fig.  342)  ; 
pendidotis,  when  they  hang  or  turn 
obliquely  downwai'ds  (Fig.  387)  ; 
and  suspended  when  hanging  perpendicularly  from  the  very  summit 
of  the  cell  (Fig.  519).  These  tenns  apply  to  the  seed  as  well  as  to 
the  ovule. 

563.  An  ovule  is  at  first  a  minute  projection  of  the  placenta  (Fig. 
530),  of  sofl  and  homogeneous  parenchyma ;  but  it  soon  acquires  a 
definite  fonn  and  stricture.  It  may  be  either  sessile,  or  raLsed  on  a 
stalk,  the  Funiculus,  Podosperm,  or  seed-stalk.  The  point  of 
attachment,  which  in  the  seed  forms  the  scar,  is  called  the  Hilu:il 

564.  It  consists  of  a  kernel  or  nucleus,  and  usually  of  one  or  two 
coats.  The  nucleus  is  the  essential  part  of  the  organ ;  in  it  the 
embryo  is  formed,  and  the  coats  become  the  integuments  of  the 
seed.  The  ovule  of  the  Mistletoe  consists  of  a  naked  nucleus  only, 
there  being  i\o  integument.     The  ovule  of  the  Walnut  has  only  one 


'  TIO.  517.    Oraiy  of  a  Buttercup,  divided  lengthwise,  to  display  its  Mcending  ovule.    513« 
Same  of  Buckwheat,  with  an  erect  ovule.    519.  Same  of  Anemone,  with  a  suspended  ovule. 
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coat :  this  appears  as  a  circular  ring  around  the  hose  of  the  forming 
nucleus,  which  gradually  becomes  cup-shaped,  and  at  length  covers 
it   like  a  sac,  remaining  open,  however,  at   the   summit.      This 

orifice  is  called  the  Foramen, 
or  "MiCROPYLE.  In  far  the 
greater  number  of  cases,  a 
second  envelope  is  formed  out- 
side of  the  fii'^t,  beginning  in 
the  same  way,  though  always 
later  than  the  inner  one,  which, 
however,  it  eventually  over- 
takes and  encloses.  Mirbel 
named  the  exterior  coat  of  the 
ovule  the  Primine,  and  the  in- 
terior the  Secundine,  —  names  which  are  attended  with  the  objec- 
tion that  the  secundine  or  inner  coat  is  actually  older  than  the 
primine  or  exterior  coat  Both  sacs  are  open  at  the  apex,  and  the 
summit  of  the  nucleus  points  directly  towards  the  apertures.  The 
orifice  or  foramen  of  the  primine  or  exterior  integument  is  called 
the  ExosTOME  (or  outer  orifice)  ;  that  of  the  interior  or  secundine, 
the  Endostome  (or  inner  orifice).  The  coats  of  the  ovule  and 
the  nucleus  are  distinct  and  unconnected,  except  at  the  base,  or  point 
of  attachment  to  the  funiculus,  where  they  are  all  confluent :  this 
point  of  union  receives  the  name  of  the  Ciialaza  (Fig.  521,  cf). 
Through  the  funiculus  and  chalaza  the  ovule  derives  its  nourish- 
ment from  the  placenta ;  through  the  opening  at  the  summit,  the 
nucleus  receives  the  tubular  prolongation  of  the  pollen,  which  incites 
the  formation  of  the  embryo. 

565.  Ovules  occur  under  four  principal  forms,  viz.  the  orthotro^ 
pons  or  straight,  the  campylotropous  or  curved,  the  amphitropotis  or 
half-inverted,  and  the  anatropous  or  inverted.  The  simplest,  al- 
though the  least  common  of  these,  is 

566.  The  OrthotropODS  Ovolei  also  termed  o/ropotw  (viz.  not  turned). 
It  is  the  form  which  this  organ  assumes  in  the  Buckwheat  family 
(Fig.  518),  and  several  others,  and  is  likewise  shown  in  Fig.  520, 
526,  and  a  longitudinal  section  of  it  in  Fig.  521.     Here  no  change  in 

FTO.  520.  An  orthotropons  ovule.  521.  Longitudinal  section  of  the  same,  more  magnified : 
a,  the  primine ;  6,  the  secundine ;  e,  the  nucleus ;  </,  the  chalasa.  622.  An  amphitropoua 
OYUIe.  523.  Three  anatropous  OTules,  with  long  funiculi,  attached  to  a  portion  of  the  pUcenta. 
624.  One  of  the  some,  more  highly  magnified|  exhibiting  its  cellular  atmctuxe. .  625l  A  campf* 
lotropous  ovule. 
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the  direction  of  parts  occurs  during  growth ;  but  the  base  or  chalaza 
(Fig.  626,  c)  is  manifestly  the  point  of  attachment,  the  orifice  (/) 
is  at  the  opposite  end,  and  the  ovule  is  straight  and  symmetricaL 


567.  The  Campylotropons  Ovole  (Fig.  525,  527)  is  one  which  grows 
unequally,  and  consequently  curves  upon  itself,  so  as  to  bring  the 
apex  round  to  the  vicinity  of  the  base,  the  chalaza  (c)  and  the  orifice 
(/)  being  at  length  brought  nearly  into  contact  at  the  point  of  at- 
tachment. Campylotropons  or  cui-ved  ovules  are  found  in  the  Mig- 
nonette, in  all  Cruciferous  and  Caryophyllaceous  plants,  and  in  many 
others. 

568.  Tie  AnfttropoflS  0?nle  (Fig.  517,  519,  523,  524,  529)  is  far 
the  most  common  form.  It  is  best  described  by  likening  it  to  an 
orthotropous  ovule  which  as  it  grew  had  inverted  itself  on  its  funicu- 
lus or  support,  $o  that,  while  the  body  remains  straight,  its  orifice  or 
apex  is  brought  down  to  the  funiculus  and  points  to  the  placenta, 
while  the  chalaza  occupies  the  apparent  or  geometrical  apex,  i.  e.  the 
summit  or  point  directly  opposite  the  place  of  attachment.  The 
ovule,  thus  inverted  on  its  support,  coheres  with  it  for  its 
whole  length,  and  accordingly  has  a  ridge  or  cord,  more 
or  less  manifest,  along  one  side  (Fig.  529,  r),  connect- 
ing the  ktlum,  or  place  of  attachment,  and  where  the 
seed  separates  fi^om  its  insertion  (h),  with  the  chalaza  (<?). 
This  cord  or  ridge,  which  morphologically  is  merely  a 
continuation  of  the  stalk  or  support  of  the  ovule  adhe- 
rent to  its  face  on  one  side,  or  incorporated  tvith  it,  is 
called  the  Rhaphe.  It  is  a  distinguishing  mark  of  an 
anatropous  ovule,  which  is  also  recognizable  by  its  mo 
being  straight  and  by  having  the  orifice  close  to  the  point  of  attach- 
ment.   The  rhaphe  itself  is  often  so  incorporated  with  the  coat  of 

FTG.  6i26.    Orthotroponu  omte  of  Baekwheat :  Cy  bllam  and  ehakai ;  /,  oiifloe. 
FIO.  627.    CampylotropoasoTatoofaGhickweed:  e,  hilum  and  cbalaa ; /,  <Mrifloa. 
TIG.  628.    Amphitiopoiu  ovule  of  Mallow :  /,  orifice ;  A,  hilnm ;  r,  rbapbe ;  e,  obalaA. 
710  629.    Anatropona  ovale  of  a  Tiolei;  the  parta  lettered  asixk  the  laaL 
VIO.  -  680.    Vertieal  «etlon  of  a  pistil  of  Magnolia  Ubibrella,  flrom  a  yoang  fLcmerwlmd,  ikiag* 
nifltid,  sboiving  the  fonning  ovule,  here  a  ^mjrie  protabenmoe.      •  •   - 
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tlie  ovule  or  the  seed  as  to  be  externally  undistinguisliable.  The 
seedi  of  Magnolia  offer  good  illustrations  of  this.  Tlie  mode  of 
formation  and  the  internal  structure  of  anatropous  or  invei*ted  ovules 
will  be  apparent  on  inspection  of  Fig.  530  —  536. 


^ 
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569.  The  Amphilropons  0\Tlle  (Fig.  522,  528),  also  called  heterotro- 
potis,  differs  from  the  anatropous  in  having  a  short  rhaphe  (Fig. 
528,  r),  extending  from  the  chalaza  (c)  only  about  half-way  to  the 
orifice  (/).  It  is  attached  accordingly  by  the  middle  of  one  side, 
and  has  the  chalaza  at  one  end  and  the  orifice  at  the  other.  It  may 
be  regarded  as  a  half-anatropous  or  half-inverted  ovule ;  and  all  gra- 
dations occur  between  this  and  the  anatropous  form,  into  which  it 
would  pass  by  the  cohesion  of  the  side  of  the  ovule  with  the  support 
a  little  farther  down.  Amphitropous  ovules  are  general  in  the  Mal- 
low and  the  Primrose  families.  As  such  an  ovule  stands  with  its 
axis  at  right  angles  with  the  funiculus,  if  there  be  any,  it  is  also  said 
to  be  transverse, 

570.  Most  of  these  terms  apply  to  seeds  as  w^ell  as  to  ovules ;  and 
the  general  structure  of  the  seed  may  be  known  beforehand  from 
that  of  the  ovules.  We  are  now  prepared  to  contemplate  the  pro- 
cess by  which  an  ovule  becomes  a  seed. 


Sect.  IX.     Fertilization  and  Formation  op  the  Embryo. 

571,  In  order  to  the  formation  of  the  embryo  (118),  the  ovules 
require  to  be  fertilized  by  the  pollen.  Cases  of  parthenogenestSy 
i.  e.  of  the  formation  of  perfect  seed  without  the  agency  of  pollen, 
doubtless   do  sometimes   occur,  and  have   been  noted  in  several 


fig.  531.  A  similar  side-view  of  the  ovule  of  the  last,  a  week  or  two  later,  and  more  maK* 
nifled;  showing  the  nucleus  eacircled  by.  the  coats  in  formation,  as  two  rings  or  sbatlowcup^ 
one  within  the.other.  *  532  .The  same,  a  few  daya  later,  more  advanced  and  beginning  to  turn. 
533.  The  safQe,  further  advanced.  534,  The  same,  soon  after,  with  the  inversion  almost 
complete,  and  the  outer  coat  covering  the  inner,  except  at  the  orifice.  535.  The  completed 
anatropous 'torvule  rom  a*  full-grown  fl6wer-bud.  536.  A  longitudinal  section  of  the  sam«^ 
displaying  the  rhaphe,  the  two  coats,  .and  the  nucleus. 
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dioecious  plants.  More  than  half  a  centuiy  ago,  Spallanzani  found 
that  the  pistillate  blossoms  of  Hemp  may  produce  fertile  seed  with- 
out the  concurrence  of  pollen ;  and  recently  Naudin  and  Decaisne 
have  confirmed  ~  the  fact  by  experiment,  and  from  seeds  produced 
without  fertilization  have  raised  a  second  generation  of  plants,  the 
pistillate  individuals  of  which,  kept  from  all  access  of  pollen,  have 
themselves  ripened  seeds  with  perfect  embryos.*  Two  or  thre*^ 
dioecious  Euphorbiaceous  plants  are  known  to  produce  good  seed 
under  the  same  circumstances,  and  Naudin  has  shown  it  freely  to 
occur  in  Bryony.  Still  these  are  very  exceptional  cases,  and  are  all 
confined,  so  far  as  known,  to  dioecious  plants.  Ordinarily  the  access 
of  pollen  of  the  species  to  the  ovules  is  necessary  to  the  production 
of  the  embryo. 

572.  The  Access  of  the  Pollen  to  the  pistil  is  secured  in  a  great 
variety  of  ways  and  adaptations.  In  hermaphrodite  blossoms  the 
relative  length  and  position  of  the  stamens  and  stigmas  ai*e  com' 
monly  so  adjusted  that  the  pollen  may  fall  directly  upon  the 
stigma,  the  anthers  being  usually  higher  than  the  stigmas  when 
the  flower  is  upright,  and  shorter  when  it  is  nodding.  Sometimes 
pollen  is  projected  upon  the  stigma  by  transient  and  of^en  sudden 
movements,  either  mechanical,  as  in  Kalmia,  or  spontaneous  and 
vital,  as  in  the  Barberry  (to  be  mentioned  in  another  place).  Some- 
times fertilization  takes  place  in  the  bud,  where  the  parts  are  in 
apposition,  or  the  anthers  are  kept  in  contact  with  or  proximity  to 
the  stigma,  as  in  papilionaceous  flowers  by  the  enclosing  keel-petals, 
and  in  the  Fumitory  family  by  a  close-fitting  little  sac  formed  of  the 
united  spoon-shaped  tips  of  the  two  inner  petals  confining  the  an- 
thers to  the  stigma.  Very  ofien  the  pollen  is  conveyed  from  the 
anthers  to  the  stigma  by  insects,  searching  for  honey  or  nectar ;  and 
there  are  many  species  in  which  fertilization  seems  absolutely  to 
depend  upon  the  agency  of  insects ;  such,  for  instance,  as  those  of 
Aristolochia,  Asclepias  or  Milkweed,  and  many  plants  of  the  Orchis 
family.  In  dioecious  and  many  monoecious  plants,  with  widely  sep- 
arated blossoms,  fertilization  is  mainly  dependent  upon  insects,  pass- 
ing from  flower  to  flower^  and  upon  winds  and  currents.  And  the 
immense  quantity  of  pollen  which  many  such  plants  produce  com- 
pensates, for  the  greater  distance  of  the  passage,  and  greatly  dimin- 
ishes the  chance  of  failure.     The  air  of  a  Pine  forest  in  flowering- 

*  Comptea  Rtndus^  Vol.  43,  1856,  and  Hooker's  Jounio/  of  Botany,  1857,  p.  53. 
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time  id  almost  loaded  with  pollen,  some  of  which  is  often  wafted  bj 
the  winds  for  many  miles. 

573.  The  pollen  of  Pines  and  other  Gymnospermous  plants  falls 
directly  upon  the  naked  and  exposed  ovules  (560).  On  all  others, 
the  ovules,  being  secluded  in  a  closed  ovary,  can  be  fertilized  only 
through  the  stigma.  In  these,  accordingly,  we  have  first  to  con- 
sider. 

574.  The  Aetioa  of  PoIIea  oa  the  Stigma.    The  loose  papillae,  or 

often  the  short  projecting  hairs  of  the  stigma,  and  the  moist  surface, 
serve  to  retain  the  grains  of  pollen  on  the  stigma  when  they  have 
once  reached  it.  Absorbing  some  of  this  moisture,  and  nourished 
by  it,  the  grains  of  pollen  which  are  favorably  situated  soon  begin 
to  grow,  or,  as  we  may  say,  to  germinate.  The  thin  inner  mem- 
brane (534)  extends,  breaks  through  the  thicker,  but  weak  or  brittle, 
outer  coat  at  some  point  (or  rarely  at  two  or  three  places),  and 
lengthens  into  a  delicate  tube,  filled  with  the  liquid  and  molecular 
matter  that  the  grain  contains.  Tliis  tube  -(  Fig.  537  —  540),  remain- 
ing closed  at  the  extremity,  penetrates  the  loose  tissue  of  the  stigma, 
and  is  prolonged  downwards  into  the  style,  gliding  along  the  inter- 
spaces between  the  very  loosely  disposed  cells  of  the  moist  conduct- 
ing tissue  (541),  which  extends  from  the  stigma  to  the  cavity  of  the 

ovary,  and  at  length  reaches  the  placenta, 
or  some  other  part  of  the  lining  of  the 
ovary,  and  its  extremity  appears  in  the 
celL  This  prolongation  into  a  tube,  often 
many  hundred  times  the  diameter  of  the 
pollen-grain,  is  a  true  growth,  after  the  man- 
ner of  elongating  cells  (37  -  97),  nourished 
by  the  organizable  moisture  of  the  style 
which  it  imbibes  in  its  course.  Now  the 
orifice  of  the  ovules,  or  a  projection  of 
the  nucleus  beyond  the  orifice,  is  at  this 
time  brought  into  contact  with,  or  close 
proximity  to,  that  portion  of  the  walls  of  the  ovary  from  which  the 
pollen-tubes  project;  and  a  pollen-tube  thus  enters  the  orifice  of 
each  ovule,  and  reaches  the  nucleus,  in  which  the  nascent  embryo 

ITG.  687.  A  poUen-graln  of  Dataira  Stnmoniam,  emitttng  its  tabe.  £38.  PoUen-graln  of 
a  ConTolTulus,  with  its  tube.  639.  Other  poUen-grainSf  with  their  tabes,  leM  stroDglj  mag- 
nified. 640.  A  pollen-grain  of  the  Evening  Primrose,  resting  on  a  portion  of  the  stigma,  into 
which  the  tube  emitted  tnm.  one  of  the  angles  penetrates ;  the  opposite  -sngle  also  emitting  a 
pollen-tube. 
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subsequently  appears.  In  Gymno.'permous  plants  (560,  573),  the 
pollen-grains  grow  at  the  oriHce  of  Ihe  nnked  ovule,  and  immediatelj 
penetrate  its  nucleus,  just  as  they  do  the  stigma  in  ordinary  plants. 

575.  Pollen-tubes  may  be  readily  innpeoied  under  the  microscope 
in  many  plants ;  in  none  more  readily  than  in  the  Asclepias,  or 
Alilkweed,  one  of  the  plants  in  which  this  subject  was  bo  admirably 
investigated  by  Mr.  Brown.  In  that  family,  the  pollen-grains  of 
each  cell  of  the  anther  (Fig,  541)  cohere  in  a  mass;  and  these 
poUen-masses,  dislodged  from  their  cells  (Fig.  542,  543),  usually  by 
Ihe  agency  of  insects,  and  brought  into  proximity  with  the  base  of 
the  Bligma,  protrude  their  tubes  in  great  abundance.'  Tliey  may  be 
Been  to  penetrate  the  base  of  the  stigma,  as  in  Fig.  544,  and  sepa- 
rate grains  with  their  tubes  may  be  detached  from  the  mass  (Fig. 
546,  547) ;  but  to  trace  their  course  down  the  style  (as  in  Fig.  545), 
and  to  their  final  destination,  requirea  much  skill  in  manipulation 
and  the  best  means  of  research. 

576.  The  formation  of  the  pollen-tube  commences  in  some  cases 
almost  immediately  mi  m  mi  u> 
upon  the  applica- 
tion of  the  pollen 
to  the  stigma ;  in 
others  it  is  not  per- 
ceptible until  afler 
the  lapse  of  from  ten 
to  thirty-six  hours 
or  more.  The  rate 
of  the  growth  of  the 
pollen-tube  down 
the    style    is    also 


n  dif- 


ferent plants.      In 
some  species,  a  week  ( 
through  a  style  even  of 


more  elapses  before  they  ha\e  passed 
%  few  lines  in  length.     In  oiliere,  a  few 


xllCiui 


IB  UlLkneed  (AKlnplu),  the  i 
sbsd;,  ti 


■ll>«nit  nthar  I>  ilmdy  ullienDt.  648.  A  pdr  of  deUctaM  polkDHUUtH  («ch  (nm  >  dlf- 
feraat  Anther)  nupeoded  by  tb^  aiudlcJBt  froai  tbe  gland.  644-  Som*  of  Cbe  polleD-fPuea, 
with  thtlr  hibn  psiMCnthiK  th«  iIlEina  (aflH  BiDwii).  (45  A  Motion  Ibnngh  Uu  lugs  idg- 
mat<s  bodj  mid  a  put  or  tbe  lummit  of  ossof  tho  itjlH,  iliDalDg  the  connaof  the  pollen- 
tuba.  546, 547  Pollan^graiDi  wltli  their  tuh»,  highly  magniaed.  [The  itnictun  or  thorn 
rinpilu'  Davm  vlll  be  man  futij  ciplilnHl  under  the  order  Asdtptadaaa.) 


304  FERTILIZATIOK. 

hours  suffice  for  their  pas5tage  through  even  the  longest  stylej*,  such 
as  those  of  Colchicum,  Mirabilis  or  Four-o'clock,  and  Cereus  grandi- 
Horus.  Afler  the  poUemtubes  have  penetrated  the  stigma,  the  latter 
dries  up,  and  its  tissue  begins  to  wither  or  die  away,  as  likewise 
does  the  body  of  the  pollen-grain,  its  whole  contents  being  trans- 
ferred to  the  pollen-tube,  the  lower  part  of  which  may  still  be  in  a 
growing  condition. 

577.  Before  the  pollen-tube  has  reached  the  ovule,  or  more  com- 
monly even  before  the  pollen  is  applied  to  the  stigma,  a  cavity  ap- 
pears in  the  interior  of  the  nucleus  of  th^  ovule,  near  its  apex. 
This  probably  results  from  the  special  growth  of  a  particular  cell, 
which  expands  into  a  bladder  or  closed  sac,  at  length  commonly  oc- 
cupying a  considerable  part  of  the  nucleus,  —  sometimes  remaining 
enclosed  in  its  tissue  towaixls  its  summit  or  orifice,  sometimes  dis- 
placing the  upper  part  of  the  nucleus  entirely,  or  even  projecting 
through  the  micropyle.  This  is  the  sctc  of  the  amnios  of  Mr.  Brown, 
the  embryo-sac  {sac  emhryonaire)  of  the  French  botanists.  In  this 
sac  the  embryo  is  formed. 

578.  Origin  of  the  Embryo.  From  the  latter  part-  of  the  seven- 
teenth century,  when  the  relative  functions  of  the  stamens  and  the 
pistils,  and  something  of  the  structure  of  the  ovule,  were  demon- 
strated by  Malpighi,  Grew,  &c.,  until  about  the  year  1837,  it  was 
almost  universally  supposed  that  the  embryo  was  a  product  of  the 
ovule,  in  some  way  incited  or  fertilized  by  the  pollen.  One  writer, 
viz.  Samuel  Morland,  had  indeed  propounded  the  crude  hypothesis, 
that  a  pollen-grain  itself,  descending  bodily  through  the  style,  was 
received  into  the  orifice  of  tlie  ovule,  and  became  the  embryo.  The 
absurdity  of  this  view  was  soon  made  evident.  But  how  the  pollen 
acted  was  wholly  unknown  until  Amici,  in  1823,  discovered  pollen- 
tul)es,  penetrating  the  stigma,  and  Brongniart,  Brown,  Amici  himself, 
and  Schleiden,  within  the  ensuing  twelve  or  fourteen  years,  had 
demonstrated  their  universality,  and  traced  these  slender  tubes  into 
the  ovary,  and  even  to  the  nucleus  of  the  ovule.  Then  commenced  a 
spirited  controversy,  which  has  only  just  now  been  brought  to  a  close. 
For  Professor  Schleiden,  in  the  year  1837,  advanced  the  view  that  the 
extremity  of  the  tube  of  the  pollen,  entering  the  nucleus  of  the  ovule, 
there  developed  into  the  embryo,  —  thus  anew  deriving  the  embryo 
or  new  plant  substantially  from  the  pollen  instead  of  the  ovule. 
This  view  has  recently  been  abandoned  by  its  indefatigable  author 
and  his  most  able  supporter,  Soliacht,  having  been  thoroughly  dis- 
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proved  in  all  points  by  a  series  of  elaborate  investigations  made  by 
Mirbel,  Amici,  Giraud,  Mold,  Hofmeisler,  Unger,  Tulasne,  Henfrey, 
and  Radlkofer.  So  that — passing  by  the  whole  history  of  this  long 
discussion,  and  merely  appending  some  references  to  the  more  im- 
portant publications  upon  the  subject  *  —  we  need  only  state  here, 
in  the  most  genenU  terms,  the  principal  facts  which  are  now  held 
to  be  established,  viz. :  — 

579.  The  pollen-tube  terminates  on  the  outer  surface  of  the 
embryo-sac,  or  sometimes,  perhaps,  forces  its  way  into  it.  Ordina- 
rily its  extremity  becomes  firmly  adherent  to  the  surface  of  the 
embryo-sac,  and  it  appears  to  remain  clo.*ed.  Ilenfrey,  indeed,  is 
led  to  suppose  that  the  membrane  of  the  pollen-tube  and  that  of  the 
embryo-sac  are  absorbed  at  the  point  of  contact,  and  that  the  former 
thus  discharges  its  contents  into  the  cavity  of  the  latter ;  but  this  is 
merely  an  unproved  inference,  suggested  by  the  analogy  of  what  is 
now  known  of  the  process  of  fecundation  in  Cryptogamous  plants. 
At  present  it  appears  most  probable  that  the  contents  of  the  pollen- 
tube  are  drawn  into  the  embryo-sac  by  endosmosis.  However  this 
may  be,  shortly  after  reaching  the  embryo-sac  the  pollen-tube  be- 
comes empty,  and  decays  or  withers  away.  Meanwhile  the  body 
which  by  its  development  is  to  give  rise  to  the  embryo  appears  in 
the  embryo-sac  independent  of  the  pollen-tube.  According  to  most 
investigators  it  generally  appears  before  the  pollen-tube  has  entered 
the  ovule.     (The  high  authority  of  Tulasne,  ho^vever,  is  thus  far 


*  SclJeiden  first  published  his  famous  theory  in  Wiegmann's  Archiv,  1837, 
and  in  Acta  Nova  Acad.  Nat.  Cur.,  Vol.  19.  It  was  extended  and  defended  in 
his  systematic  works,  —  and  especially  by  Schacht  in  Trans.  Netherlands  Insti- 
tute, 1850,  in  Bot.  Zeiiung,  1855  (transl.  in  Ann.  Set,  Nat.  of  that  year),  in  his 
Beitrdge  Anat.  ^  Phys.,  in  his  work  on  the  microscope,  of  which  an  English 
translation  by  Dr.  Currey  was  published  in  1855,  and  in  the  Regensberg 
Flora,  1855  (Ann.  Sci.  Nat.  1855).  See  also  Deecke  in  Bot.  Zeitung,  1855 
(Ann,  Sci.  Nat.,  1.  c).  On  the  other  side  of  the  question  the  most  important  of 
the  recent  publications,  since  the  appearance  of  Mohl's  Principles  of  the  Anatomy 
and  Physiology  of  the  Vegetable  Cell,  in  the  English  translation  (1852),  and  the 
article  Ovide  in  the  Micrographic  Dictionary  by  Henfrey,  are  :  Hofmeistcr,  in 
Flora,  May,  1855,  and  Mohl,  in  Bot.  Zeitung,  June,  1855  (both  rcpiXKluccd  in 
Ann.  Sci.  Nat.,  ser.  4,  Vol.  3,  1855) ;  Tulasne,  in  Ann.  Sci.  Nat.,  ser.  4,  Vol.  4, 
1855,  being  the  complement  of  his  great  memoir  published  in  the  same  journal 
(ser.  3,  Vol.  12,  1849)  ;  Radlkofer,  Die  Befruchtung  der  Plicmfrojamienf  Leij>sic, 
1856  ;  Henfrey,  Development  of  the  Ovule  of  Sanialum  album,  &.C.,  iu  Trans.  Linn. 
Sac.,  Vol.  22,  part  1,  1856. 
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opposed  to  the  pre-cxistence.)     It  is  a  small  mniis  or  globule  of  pro- 
toplasmic mailer,  either  loose  in  Ihe  cavily  of  the  embryo-sac  near 
the  place  to  which  tlie  pollen-tube  is  applied  externally,  or  eke  ad- 
herent to  the  interior  Burface  of  the  wall  of  the  embryo-sac  in  thia 
immediate  vicinity,  or  Eometimca  separated  from  the  embryo-sac  by 
an  interposed  globule,  or  by  a  pair  of  such  globules.     This  body,  llic 
rudiment  of  the  future  embryo,  has  been  termed  the  embryonal  or 
germinal  vesicle.     This  is  not  yet  a 
cell ;  for  it  has  no  covering  or  wnll 
of  celluloje.     But  it  soon  becomes 
one  when  a  pollen-tube  reaches  the 
embrj-o-sac,  the  first  known  result  of 
fertilization  being  that  a  coat  of  cel- 
lulose is  deposited  upon  ita  surface. 
This   newly-formed  cell    gi-ows   by 
cell-multiplication  (33),  either  pro- 
ducing a  mass  of  cells,  as  shown  in 
Fig.  10- 14,  or  else  in  the  first  place 
developing  into  an  elongated  cell  or 
a  thread-shaped  chain  of  cells  (the 
tutpensor),  the  lower  cell  of  which 
divides  in  all  directions,  forming  a 
mass,  which  as  it  grotvs  shapes  itself 
into  the   embryo  (Fig.  549-553). 
The  radicle  or  root-end  of  the  em- 
I       Bryo  is  always  that  by  which  it  is 
attached    to    the    suspensor    (whicli 
ordinarily  soon  disappears)  or  to  the 
summit  of  the  embryo-sac,  the  coty- 
ledons occupying    the    oiiposili;  ex- 
tremity.    The    radicle    accordingly 
b  always  directed  to  the  orifice  or 
micropyle  of  the  ovule  and  seed. 
580.  Through  the  fertilization  of  as  many  germinal  vesicles,  two 
or  more  embryos  are  frequently  found  in  the  same  seed,  in  the 
Orange,  the  Onion,  and  many  other  plants.     Tliei-e  are  generally 

ITO.  6«a  Mignintd  pistil  of  BorkwhBit ;  tht  otsij  Bod  omta  diTkled  l«iglhwl>e :  nu 
polleD  on  lli«  Bllgmu,  one  gndn  diaUiMtly  sbowlns  ita  tube,  vhtch  haq  p«oetmt«U  Uw  it^lo, 
nappfjTpd  Id  Cb«  catKj  of  (hs  0*017^  enterad  the  mouth  of  tho  orChotnpouj  OTUlo  (0),  kll4 
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two  embryos  in  the  eeed  of  the  Mistletoe ;  and  there  is  usually  a 
plurality  of  embryos  in  Pines  and  other  Gymnospeimous  plants 
(560),  though  all  but  one      549         550  ssi  sos 

are  more  commonly  abor- 
tive or  rudimentary.   There 
are  other  striking  peculiar- 
iti'fes  in  the   fecundation  of 
Pines,  &C.,  which,  however, 
cannot  be  readily  explained  without 
entering    into  more    detail   than    is 
here  advisable.*    In  Pines  and  their 
allies,  moreover,  the  embryo  is  not 
developed  until  a  long  time  after  the 
application  of  the   pollen,   and  the 
filling  of  the    embryo-sac   with   the 

cellular  tissue  which  forms  the  basis  of  the  albumen  of  the  seed ; 

the  fruit  and  seed  of 
true  Pines,  as  is  well 
known,  not  maturing  un- 
til the  year  after  that 
in  which  the  blossoms 
appear. 

580'.  The  further  development  and  the  sti-ucture  of  the  embryo 
and  the  seed  must  be  considered  after  the  Fruit,  of  which  it  consti- 
tutes a  part. 
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*  See  Hofmeister,  Uhtersuchurtffen,  &c. :  Researches  into  the  Fertilization,  &c. 
of  the  higher  Cryptogamia  and  the  ConiferaB  (Leipsic,  1851),  with  seven  plates 
devoted  to  the  embryology  of  ConiferaB. 


TIG.  549.  Diagram  of  the  suspensor  and  forming  embryo  at  Its  extremity.  550.  The  same, 
with  the  embryo  a  little  more  developed.  551.  The  same,  more  developed  still,  the  cotyledons 
ikintly  indicated  at  the  lower  end.  552.  Same,  with  the  incipient  cotyledons  more  manifest. 
553.  The  embryo  nearly  completed. 

FIO  554-556.  Forming  embryo  from  a  half-grovm  seed  of  Buckwheat,  In  thrra  stages, 
557.  Same,  with  th»  cotyledons  fully  developed. 
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CHAPTER     X. 


OP  THE   FIIUIT. 


Sect.  L    Its  Structure,  Tr.vssformations,  asd  Dehiscence. 


581.  TriE  fertilized  ovmy,  increased  in  size,  and  usually  under- 
going Pome  change  in  lexlure  and  form,  becomes 

5H2.  Tbe  Peiitarp,  or  Sfcd-veisel.  The  perioarp  and  the  seeds  it 
oontnina  ti^elher  constitute  the  Fruit  ;  a  term  ivhicli  liaa  a  more 
extensii'e  signification  in  botanicnl  than  in  ordinary  language,  being 
applied  to  all  mature  pistil?,  of  whatever  form,  size,  or  texture.  To 
the  fruit  likewise  belongs  whatever  organs  may  be  adnate  to  tlie 
pistils  (468).  Such  incorporated  pnHs,  like  the  fleshy  calyx  of  the 
Apple  and  Quince  (Fig.  809,  812),  sometimes 
make  up  the  principal  bulk  of  the  fruit. 

583.  Indeed,  the  calyx,  when  wholly  free 
from  the  pistil,  sometimes  becomes  greatly 
thickened  and  pulpy  afrer  flowering,  and  is 
transformed  into  what  appears  like  a  berry  j 
as  in  Gaultheria  (Fig.  913),  where  the  real 

SM  fruit  is  a  dry  pod  within  ;  and  in  Strawberry 

Blite  (Fig.  1099),  where  the  fleshy  calyxes  of 
a  head  of  flowers  each  i^urround  a  small  seed- 
like  fruit,  and  together  form  a  false  multiple 
fruit,  resembling  a  strawberry. 

584.  Even  the  strawberry  itself  is  not  a 
fruit  in  the  strict  botanical  sense  :  that  is,  the 
edible  substance  is  not  a  ripened  pistil,  nor  a 
cluster  of  pistils,  but  is  the  receptacle  or  ex- 
tremity of  the  flower-stalk,  greatly  'enlarged 
and  replete  with  delicious  juice ;  the  true  fruits 
biiing  the  minute  and  seed-like  ripened  ovaries 
scattered  over  its  surface  ;  as  plainly  appears 

from  a  comparison  of  Fig.  558  with  559.     Moreover,  a  mulberry. 
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a  fig,  and  a  pine-apple  consist  of  the  ripened  products  of  many 
flowers,  crowded  on  an  axis  or  common  receptacle,  which  makes  a 
part  of  the  edible  mass. 

585.  Under  the  general  name  of  fruit,  therefore,  even  as  the  word 
is  used  by  the  botanists,  things  of  very  different  stinicture  or  of  dif- 
ferent degrees  of  complexity  are  confounded.  We  must  distinguish, 
therefore,  between  simple  fruits,  resulting  from  a  single  flower,  and 
a  multiple  fruit,  resulting  from  the  parts  of  more  than  one  flower 
combined  or  collected  into  a  mass.  We  must  also  distinguish  be- 
tween true  fruits,  formed  of  a  matured  pistil,  either  alone  or  with  a 
calyx,  &c.  adnate  to  it,  and  fruits,  so  called,  of  which  the  pericarp 
does  not  fonn  an  essential  part. 

586.  Obliteration  or  Alteration.  The  pericarp,  being  merely  the 
pistil  matured,  should  accord  in  structure  with  the  latter,  and  con- 
tain no  organs  or  parts  that  do  not  exist  in  the  fertilized  ovaiy. 
Some  alterations,  however,  often  take  place  during  the  growth  of 
the  fruit,  in  consequence  of  the  abortion  or  obliteration  of  paits. 
Thus,  the  ovary  of  the  Oak  consists  of  three  cells,  with  a  pair  of 
ovules  in  each ;  but  the  acorn,  or  ripened  fruit,  presents  a  single 
cell,  filled  with  a  solitaiy  seed.  In  this  case,  only  one  ovule  is 
matured,  and  two  cells  and  five  ovules  are  suppressed.  The  ovaiy 
of  the  Horsechestnut  and  Buckeye  is  similar  in  structure  (Fig. 
777  -  780),  and  seldom  ripens  more  than  one  or  two  seeds  ;  but  the 
abortive  seeds  and  cells  may  be  detected  in  the  ripe  fioiit.  The 
ovaiy  of  the  Birch  and  of  the  Elm  is  two-celled,  with  a  single  ovule 
in  each  cell :  the  fruit  is  one-celled,  with  a  solitary  seed  ;  one  of  the 
ovules  or  young  seeds  being  uniformly  abortive,  while  the  other  in 
enlarging  thrusts  the  dissepiment  to  one  side,  so  as  gradually  to  ob- 
literate the  empty  cell ;  and  similar  instances  of  suppression  in  the 
fi-uit  of  parts  actually  extant  in  the  ovary  are  not  uncommon.  On 
the  other  hand,  there  are  sometimes  more  cells  in  the  fi-uit  than 
properly  belong  to  tlie  pistil.  For  instance,  the  ovary  of  Datura 
Stramonium  is  two-celled ;  but  the  fruit  soon  becomes  spuriously 
four-celled  by  a  false  partition  connecting  each  placenta  \snth  the 
dorsal  suture.  So  the  compound  ovary  of  Flax  when  young  is  five- 
celled,  but  with  a  strong  projection  fi-om  the  back  of  each  cell  (Fig. 
500)  which  at  maturity  divides  the  cell  into  two,  thus  rendering 
the  fruit  ten-celled.  And  some  legumes  are  divided  transversely 
into  several  cells,  although  the  ovary  was  one-celled  with  a  continu- 
ous cavity  in  the  flower. 
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587.  Riptning.  The  pericarp  sometimes  remains  lierbaceous  in 
texture,  like  the  pea-pod,  or  becomes  thin,  dry,  and  membranaceous, 
like  the  pod  of  the  Bladder-Senna.  In  such  cases  it  is  furnished 
with  stomates,  continues  to  have  chlorophyll  in  its  cells,  and  acts 
upon  the  air  like  an  ordinary  leaf.  In  other  plants  the  pericarp 
thickens,  and  either  becomes  hard  and  dry,  like  a  nut,  or  else  fleshy 
or  pulpy,  like  a  berry  (gooseberry,  grape,  &c.).  Sometimes  the 
outer  portion  softens  into  flesh  or  pulp,  while  the  inner  portion  hard- 
ens, thus  forming  a  stone-fruit,  like  the  cherry  and  peach. 

587'.  Moit  fleshy  or  pulpy  fruits  are  tasteless  or  slightly  bitter 
during  their  early  growth ;  at  which  period  their  structure  and 
chemical  composition  are  similar  to  that  of  leaves,  consisting  of  cel- 
lular with  some  woody  tissue  ;  and  their  action  upon  the  atmosphere 
is  likewise  the  same  (346).  In  their  second  stage,  they  become 
sour,  from  the  production  of  acids  (353)  ;  such  as  tartaric  acid  in 
the  grape ;  the  citric,  in  the  lemon,  orange,  and  the  cranberry ;  the 
malic,  in  the  apple,  gooseberry,  &c.  At  this  period  they  exhale  very 
little  oxygen,  or  even  absorb  that  substance  from  the  surrounding 
air.  The  acid  increases  until  the  fruit  begins  to  ripen,  when  it  grad- 
ually diminishes,  and  sugar  is  formed.  In  the  third  stage,  or  that  of 
ripening,  tlie  acids,  as  well  as  the  fibrous  and  cellulai*  tissues,  gradu- 
ally diminish  as  the  quantity  of  sugar  increases ;  the  latter  being 
produced  partly  at  the  expense  of  the  former.  A  chemical  change, 
similar  to  that  of  ripening,  takes  place  when  the  green  fruits  are 
cooked  ;  the  acid  and  the  mucilaginous  or  other  products,  by  the  aid 
of  heat  reacting  upon  each  other,  are  both  converted  into  sugar. 
Mingled  with  the  saccharine  matter,  a  large  quantity  of  vegetable 
jelly  (83)  is  also  produced  in  most  acidulated  pulpy  fruits,  ex- 
isting in  the  form  of  pectine  and  pectic  acid.  These  arise  from 
the  reaction  of  the  vegetable  acids  during  ripening  upon  the  dex- 
trine and  other  ternary   products  accumulated  in  the  finit. 

588.  When  the  walls  of  a  pericarp  form  two  or  more  layers  of 
dissimilar  texture,  the  outer  layer  is  called  the  Epicarp^  the  middle 
one,  Mesocarp,  and  the  innermost,  Mndocarp.  A  stone-fruit  or 
drupe,  like  the  peach,  consists  of  two  layers,  viz.  the  outer  or  fleshy 
layer,  which  is  therefore  termed  the  Sarcocarp,  and  the  inner,  or 
endocarp,  the  shell  or  stone,  which  is  also  termed  the  Putamen. 

589.  Fruits  also  may  be  divided  into  the  indeJnscent  or  closed,  and 
the  dehiscent  or  those  that  open.  Fleshy  fruits  generally,  stone- 
fruits,  and  many  dry  fruits,  especially  one-seeded  ones,  such  as  nuts, 
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achenia,  &c.,  remain  indehiscent ;  while  most  pods  or  capsules  dehisce 
at  maturity. 

590.  Some  pods  burst  irregularly  when  ripe  and  dry ;  others  open 
and  shed  their  seeds  by  definite  pores,  as  the  Poppy,  or  by  larger 
holes,  chinks,  or  valves,  as  the  Campanula,  Snapdragon,  &c. ;  or  by 
a  transverse  line  cutting  off  the  top  of  the  pod,  as  in  Henbane  and 
Purslane.     These  are  modes  of  irregtdar  dehiscence.     But 

591.  Dehisccnff)  when  regular  and  normal,  is  effected  by  a  vertical 
separation  or  splitting,  viz.  by  the  opening  of  one  or  both  sutures  of  the 
ovary  (543),  or,  in  a  fruit  resulting  from  a  compound  ovaiy  (548), 
by  the  disjunction  of  the  united  parts.  The  several  modes  of  dehis- 
cence will  be  characterized  under  the  kinds  of  fruit  in  which  they 
occur  (607-614). 


Sect.  II*    The  Kinds  op  Fruit. 

592.  The  various  kinds  of  fruits  have  been  minutely  classified 
and  named ;  but  the  terms  in  ordinary  use  are  not  very  numerous. 
A  rigorously  exact  and  particular  classification,  discriminating  be- 
tween the  fruits  derived  from  simple  and  from  compound  pistils,  or 
between  those  with  and  without  an  adnate  calyx,  becomes  too  recon- 
dite and  technical  for  practical  purposes.  It  is  neither  convenient 
nor  philosophical  to  give  a  substantive  name  to  every  variation  of 
the  same  oi^an.  For  all  ordinary  purposes  it  will  suffice  to  char- 
acterize the  principal  kinds  under  the  four  classes  of  Simple,  Aggre- 
gate, Accessory  or  Anthocarpous,  and  Multiple  Fndts. 

593.  Simple  Fruits  are  those  which  result  from  the  ripening  of  a 
single  pistil,  whether  with  or  without  a  calyx  or  other  parts  adnate 
to  it.  This  division  comprises  most  of  the  kinds  of  fruit  which  have 
distinctive  names,  and  tho.-e  of  the  other  classes  are  mainly  aggre- 
gations or  combinations  of  these. 

594.  Simple  Fruits  may  be  conveniently  divided  into  Fleshy 
fruits,  Stone  fruits,  and  Dry  fruits.  The  leading  kind  of  the 
first  division  is 

595.  The  Berry  (JBacca),  an  indehiscent  fruit  which  is  fleshy  or 
pulpy  throughout.  The  grape,  gooseberry,  currant,  cranberr}',  and 
tomato  are  familiar  examples. 

596.  The  Hesperidiom  (orange,  lemon,  and  lime)  is  merely  a  berry 
with  a  leathery  rind. 
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597.  Tbe  Pfpo,  or  Gonrd'tmltt  is  al^o  a  modilirnlion  of  llie  berry, 
with  a  hard  linil,  wliich  occurs  in  the  Gourd  family.  The  cucum- 
ber, melon,  nnd  squasli  are  familiar  illustration.).  A  Pepo  h  an 
indehiscent,  extemiilly  firm  and  internally  pulpy  fruit,  composed 
usually  of  three  carpels,  and  with  an  aduiite  calyx.  In  the  ovary  it 
18  either  one-celled  with  three  bi-ond  and  revolute  parietal  placentae, 
or  these  placenlre,  boi-ne  on  plender  dissepimenis,  meet  in  the  axis, 
enlarge,  and  spread,  unite  with  their  fellows  on  each  side,  itnd  are 
reflet'ted  to  the  walls  of  the  pericarp,  next  whit^h  Ihey  bear  their 
ovules  (Fig.  560,  561).  As  the  fruit  enlarges,  the  seed-bearing 
placcntse  usually  cohere  with  the 
walls,  and  the  partitions  are  oblit- 
erated, giving  the  appearance  of 
a  peculiar  abnonnal  placentation, 
which  only  the  study  of  the  ovary 
readily  explains. 

59S,  A  Pome,  Kuch  as  the  apple, 
pear,  and  quince  (Fig.  809,  812), 
is  a  fruit  compojed  of  two  or  more 
carpels,    either    papery,    cartilagi- 
nous, or  bony,  usually  more  or  less 
involved   in  a  pulpy  expansion  of 
the     i-eceplacle    or    disk,  and    the 
whole  invested  by  the  thiekened  and  succulent  tube  of  the  calyx. 
It  may  be  readily  understood  by  comparing  a  i-ose-hip  with  an  apple. 
The  calyx  makes  the  princi- 
pal thickness  of  the  flesh    of 
the  apple,  and  the  whole  of 
that  of  the  quince. 

599.  The   Bmpe,   or   Stone- 
Frnit,  is  a  one-celled,  one  or 
two   seeded   indehiscent  fruit, 
with  the  inner  part  of  the  peri- 
carp  (eadocarp,   or  putamen,  ^^  *" 
588)  hard  or  bony,  while  the  outer  (exocarp,  or  sarcoearp)  is  fleshy 
or  pulpy      It  is  the  latter  which  in  these  fruits  eo  readily  takes 
an  increased  development   in   cultivation.      The  name  is  strictly 

Fia.  £60.    Secllanortbeorar/oftheGouM.  561.  DiAEramDrimsaf ltt<»iutlM«nl<arpet>. 

FIO  561L    VerUcst  bhUoq  of  ■>  prach.    563  An  tlmond :  nhen  tho  ^locnrp,  the  pnrtloD 

or  tbe  pericarp  thaC  representa  the  pulp  or  the  p«c^h.  renulna  tbin  \ai  JuLcslm,  ud  wX 
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applicable  only  to  fruits  produced  by  the  ripening  of  a  one-colled 
pistil ;  as  tlie  plum,  peach  (Fig.  562),  &c ;  but  it  is  extended  in  a 
general  way  to  such  fruits  with  two  or  more  bony  „ 

cells  enclosed  in  pulp,  as  tlmt  of  the  Dogwood,  Ac 

600.  The  raspberry  and  blackberry  (Fig.  564) 
are  composed  of  a  great  number  of  miniature  stone- 
Iruits,  or  drupeUts,  as  they  might  be  called,  in  struc- 
ture resembling  cherries  (Fig.  565),  aggregated  upon 
an  elongated  receptacle, 

601.  Drf  Fraltt  may  be  either  t^aAuMn^  or  indehit- 
ceiU  (589).  Of  indehiscent  dry  fruits  one  of  the 
simplest  kinds  is 

602.  The  Acbeaimn,  or  Akene  (Fig.  566-573). 
This  includes  all  one- 
seeded,  dry   and  Iiard, 
indehiscent    and    seed- 
like, small  fruits,  such  as 
are  popularly  taken  for 
naked  seeds.     But  that 
they  are  true  pistils  or  "* 
ovaties  ripened  is  evident  from  the  styles 
from  the  scar  left  by  their  fall;  and  a 
section  brings  to  view  the  seed  within, 
provided  with  its  own  proper  integuments. 
The  name  has  been  restricted  to  the  seed- 
like  fruits  of  simple  pistils,  as  those  of 
the  Buttercup  (Fig.  566,  567),  Anemone, 
Clematis,  and  Geum  (where  the  persist- 


or  stigmas  they  bear,  of 


no.  Sei.    Uigslfied  Tatlal  hcUod  oThilf  of  ■  blukborrr 

6B5.  SkH, 

fnlD.,  or  dnnHht^  mom  mtgnlfled. 
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howhig  n»  hhI  wWaia. 
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ent  8tyle  usually  remains  on  the  fruit  as  a  long  tail),  and  the  minute 
grains  of  the  strawberry  (Fig.  559).  But  it  may  be  extended,  as 
U  now  generally  done,  to  all  such  one-celled  seed-like  fruits  result- 
ing from  a  compound  ovary,  and  even  when  invested  with  an  adnate 
calyx-tube.  Of  this  kind  is  the  fruit  of  all  Compositse  (Fig.  568  — 
573).  Here  the  tube  of  the  calyx  is  incoi-porated  with  the  surface 
of  the  ovary,  and  its  limb  or  border,  obsolete  in  some  cases  (Fig. 
5G8),  in  others  appears  as  a  crown  (Fig.  569),  cup,  a  set  of  teeth 
or  of  scales  (Fig.  570,  571),  or  as  a  tuft  of  bristles  or  hairs  (Fig. 
572,  573),  &C.,  called  the  pappus.  In  the  Lettuce  and  Dandelion 
(Fig.  573),  the  achenium  is  rostrate,  i.  e.  its  summit  is  extended 
into  a  slender  beak. 

G03.  A  Utricle  is  the  same  as  an  achenium,  only  with  a  thin  and 
bladdery  loose  pericarp,  like  that  of  Groosefoot  and 
Amaranth  (Fig.  574,  575).  The  thin  coat  commonly 
bursts  irregularly,  discharging  the  seed.  In  the  true 
Amaranths  it  opens  by  a  circular  line,  and  the  upper 
part  falls  as  a  lid,  converting  the  fruit  into  a  small 
pyxis  (019). 

604.  A  Caryopsis  or  Graia  differs  from  the  last  in  hav- 
ing the  seed  completely  filling  the  cell,  and  its  coat 
firmly  consolidated  throughout  with  the  very  thin  peri- 
carp, as  in  wheat,  Indian  com,  and  other  cereal  grains 
(Fig.  622  -  624).  Of  all  fruits  this  is  the  kind  most 
likely  to  be  mistaken  for  a  seed. 

605.  A  Nut  is  a  hard,  one-celled  and  one-seeded,  indehiscent  fruit, 
like  an  achenium,  but  larger,  and  usually  produced 
from  an  ovary  of  two  or  more  cells  with  one  or  more 
ovules  in  each,  all  but  a  single  ovule  and  cell  having 
disappeared  during  its  growth  (586)  ;  as  in  the 
Hazel,  Beech,  Oak  (Fig.  576,  1166),  Chestnut, 
Cocoa-nut,  &c.  The  nut  is  often  enclosed  or  sur- 
rounded by  a  kind  of  involucre,  termed  a  Cuptde  ; 
as  the  cup  at  the  base  of  the  acorn,  the  bur  of  the 
chestnut,  and  the  leaf-like  covering  of  the  hazel-nut. 

606.  A  Samara  or  Kcy-fmit  is  a  name  applied  to  a  nut,  or  achenium, 
having  a  winged  apex  or  margin ;  as  in  the  Birch,  Elm  (Fig.  578), 


FIG.  574.    Utricle  of  Chenopodiam  albam,  or  common  GooMfoot    575.  Utricle,  oir  pyxis, 
of  an  Amaranth 
FIQ.  57G.    Acorn  (nut)  of  White  Oak,  with  its  cap  or  cnpole. 
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and  Ash  (Fig.  577).     The  fruit  of  the  Maple  consists  of  two  such 
fruits  belonging  to  one  flower,  united  by  their  bases  (Fig.  787). 

607.  Dehiscent  Fruits,  or  Pods,  are  distinguishable  into 
those  consisting  of  a  simple  pistil,  and  those  resulting 
from  a  compound  pistiL 

608.  Of  those  originating  from  simple  pistils,  the 
principal  kinds  are  the  Follicle  and  the  Legume,  These 
may  be  taken  as  the  type,  of  simple  fruits. 

609.  A  Folllele  is  a  pod  formed  of  a  simple  pistil,  and 
dehiscent  by  the  ventral  or  inner  suture  alone  ;  as  in 

the  Milkweed,  Larkspur,  Columbine,  Peony, 
and  Marsh-Marigold  (Fig.  579).  When  it 
opens  widely,  the  pistil  may  be  said  to  revert 
to  its  natural  state  of  a  leaf,  and  it  oflen  looks 
much  like  one,  as  in  Fig.  492. 

610.  A  Legame  is  a  pod  formed  by  the  ripen- 
ing of  a  simple  pistil  which  dehisces  by  both 
sutures,  and  so  divides  into  two  vcUves  or  pieces,  as  in 
the  Bean  and  Pea  (Fig.  580).     This  being  the  ordinary 

fruit  of  the  Pulse  family,  accordingly  named 
Leguminosce  (or  Leguminous  plants),  the  name 
has  been  extended  to  it  in  descriptive  botany, 
in  all  cases,  whatever  the  form,  and  whether 
dehiscent  or  not.  The  legume  will  be  found 
to  exhibit  no  small  diversity  in  this  large  fam- 
ily (799).     Among  its  forms  is  one  termed 

611.  A  lomeDt.  This  is  a  legume  divided 
transversely  into  two  or  more  one-seeded  joints, 
which  usually  fall  apart  at  matui-ity  (Fig.  581). 
Commonly  these  joints  remain  closed,  as  in 
Desmodiiun ;  sometimes  they  split  into  two 
valves,  as  in  Mimosa. 

612.  A  Capsale  is  the  pod,  or  dehiscent  fruit, 
of  any  compound  pistil.  When  regularly  dehis- 
cent, as  already  stated  (591),  the  pod  splits 
lengthwise  into  pieces  or  valves. 

613.  A  capsule,  necessarily  consisting  of  two  or  more  carpels  or 

FIG.  577.  Samara  of  White  Ash.    578.  Samara  of  American  Elm. 

FIG   579.  Follicle  of  Caltha  palustris,  the  Slarsh-Marigold. 

FIG   580.  Legume  of  a  Sweet  Pea,  already  dehiscect.    581.  Loment  of  a  Tick-Trefoil  or 
DebUioJium. 
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simple  pistils  united  into  one  body,  will  nonnally  dehUce  in  ona 
of  two  ways.     Nnmt;)/,  either  the  carpeb  will  separate  at  the  line 
of  junction,  thus  reviving  the  pod  into  its  constituent 
elements ;  or  else,  the»e  parts  remaining  united,  each 
cell  will  open  on  the  back  by  a  splittinn;  of  the  dorsal 
suture.     The  former  constitutes 

614.  gepUeiaal  SebiucnM  (Fig.  582, 
584),  so  named  because  the  capsule  splits 
through  the  tepta  or  partitiimt  (distepi- 
menig),  each  one  separating  into  its  two 
constituent  layers,  one  belonging  to  each 
carpel  This  occurs  in  Azalea  and  its 
allies,  in  St  Johnswort,  &c.  The  car- 
peb, thus  becoming  separate,  in  these 
cases  open  down  their  inner  suture, 
Ml             like  a  follicle,  and  dtschai^  the  seeds.  tn 

When  the  cells  are  only  one-seeded,  after  separating  septiddally, 
they  oflen  remain  closed 
j^       /N.  and  fall  away  separately,  j»^        N. 

/      \  /      \       asinMallow,  Vervain  (Fig.      /^  \ 

[ i      985),  &c    Such  dosed  or    |  ^        ^\ 

O  nearly  closed  cells  or  car-     1  / 

pels  of  a  compound  pistil 
are  termed  cocci.  ^-—L— ^ 

615.   Loenlicidtl  Ddiis-  "" 

ecnn  is  that  in  which  the  splitting  opens  inio  tlie  locvlamenU  (in 
Latin, /ocu/>)  or  cells;  that  is,  each  carpel  dehisces  by  its  doi'sal 
suture  (Fig.  583,  585),  as  in  Iris,  the  Lily,  Hibiscus,  Evening  Prim- 
rose, &C.  The  dissepiments  here  are  necessarily  borne  on  the  mid- 
dle of  the  valves. 

616.  In  the  Violet,  &C.  we  have  the  loculicidal,  and  in  several 
ktnd^  of  St.  John^wort  the  septicidal,  plan  of  dehiscence  in  one- 
celled  capsules ;  the  placenta  (answering  to  the  partitions)  being 
bome  in  the  former  upon  the  middle  of  the  valves ;  while  in  the 
latter  each  placenta  b  split  in  two,  and  one  half  home  on  each  mar- 
gin of  a  valve. 

FIO  682.    Dehiscent  capenle  of  Elodei,  enluBo^  ahoHlng  Mptlcldal  OehlBence. 

FlO   ESS.    DeblsiwDC  opeola  of  Iiie,  Hhonlog  locuUcidal  dshlaceniie  [  th*  luwu  put  eal 

110.  531.    DUffnuu  (ia  i 
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617.  Septifltlgal  Dehiseence  is  a  modifica  ion  of  either  the  loculicidal 
or  the  septicidal,  in  which  tlie  valves  fall  away,  leaving  the  dissepi- 
ments behind  attached  to  the 

axis.  Fior.  586  is  a  dia<n*am 
representing  this  in  a  case 
of  loculicidal  opening.  Fig. 
587,  from  the  common  Mom- 
ing-Glory,  is  this  modifica- 
tion of  the  septicidal  mode. 

618.  Instead  of  splitting 
into  separate  pieces,  the  sutures  of  the  pericarp  sometimes  open  {<oft 
a  short  distance  at  their  apex  only,  as  in  Cerastium  and  some  other 
Chickweeds,  in  Tobacco  (Fig.  1050),  and  in  the  Primrose  (Fig 
943)  ;  or  by  mere  pores,  as  in  the  Poppy.  The  pod  of  the  Snap^ 
dragon  opens  by  the  bursting  of  a  hole  towards  the  top  of  each  cell, 
not  corresponding,  perhaps,  with  any  suture.  Another  anomalous 
mode  of  dehiscence,  namely,  the  ctrcumcissile,  characterizes 

619.  The  fyxlJ  or  Pyxidiuni)  a  pod  which  opens  by  a  circular  hor- 

izontal line  cutting  off  the  upper  part  as  a  lid.  The 
fruits  of  the  Plantain,  Henbane,  Amaranth  (Fig. 
575,  which  is  otherwise  a  utricle).  Pimpernel,  and 
Purslane  (Fig.  588)  are  of  this  kind. 

620.  A  Siliqne  is  a  slender  two-valved  capsule,  with 
two  parietal  placentae,  from  which  the 
valves  separate  in  dehiscence;  as  in 
plants  of  the  Cruciferous  or  Mustard 
family  (Fig.  589),  to  the  fruit  of  which  the  term  prop- 
erly belongs.  Usually  a  false  partition  is  stretched 
across  between  the  two  placentae,  rendering  the  pod 
two-celled  in  an  anomalous  manner. 

621.  A  Silicle  or  Poach  is  merely  a  short  silique,  its 
length  not  more  than  twice  its  breadth ;  as  that  of  Shep- 
herd's-Purse,  Candytuft,  &c. 

622.  Aggregate  FrnitS  are  those  in  which  a  cluster  of 
carpels,  all  belonging  to  one  flower,  are  crowded  on  the 
receptacle  into  one  mass,  as  in  the  raspberry  and  blackberry  taken 
as  a  whole  (Fig.  564),  where  the  constituent  fruits,  or  ripened  carpels, 


no.  5^.    S^feifragal  modification  of  loculicidal,  and,  687,  of  septicidal,  dehlaoeiice, 
FIG.  588.    Pyxis  or  pod  of  Purslane,  the  top  separating  as  a  lid. 
FIG.  588.    Silique  of  Cardamine,  in  dehi8ceiioe< 
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are  little  drupes  ;  aLo  the  cone-like  fleshy  fruit  of  Magnolia,  where 
the  component  carpels  are  a  sort  of  drupaceous  follicles,  at  length 
opening  on  the  back  and  summit ;  and  the  dry  cone  of  the  Tulip-tree, 
where  each  carpel  forms  a  sort  of  samara.  None  of  these  aggregate 
fruits  have  special  names  in  ordinary  use.  In  descriptive  botany  it 
is  sufficient  to  state  the  kind  of  fi'uit  the  cai*pels  themselves  form, 
and  their  mode  or  degree  of  aggregation. 

623.  Accessory  or  Anthoearpons  Fruits  are  those  of  which  the  most 

conspicuous  portion,  although  oflen  appearing  like  a  pericarp,  neither 
belongs  to  the  pistil  nor  is  organically  united  with  iL  The  apparent 
beny  of  Gaultheria,  in  which  a  succulent  free  calyx  invests  a  dry 
pod  and  appears  to  form  the  real  fruit  (Fig.  912-914)  has  already 
been  adverted  to  (583)  ;  and  the  cal}'x  of  Shephei-dia  is  similar, 
forming  what  appears  to  be  the  sarcocnrp  of  a  drupe,  although  it  is 
I'eally  free  from  the  achenium  it  encloses.  So,  also,  the  apparent 
achenium  or  nut  of  Mirabilis,  or  Four-o'clock,  is  the  thickened  and 
indurated  base  of  the  tube  of  a  free  calyx,  which  contracts  at  the 
apex  and  encloses  the  true  pericarp  as  a  utricle  or  thin  achenium, 
but  does  not  cohere  with  it.  The  rose-hip,  a  hollow  calyx-tube 
lined  with  a  hollow  receptacle  (Fig.  429),  and  the  strawberry  (Fig. 
428,  558,  559),  consisting  of  a  conical  enlarged  receptacle  bearing 
many  minute  achenia,  may  also  be  regarded  as  forms  of  anthocar- 
pous  fruit. 

624.  Mnltiple  or  Collectiye  FraitS  are  those  which  result  from  the 
aggregation  of  several  flowers  into  one  mass.  The  simplest  of  these 
are  those  of  the  Partridge-Berry  (Mitchella)  and  of  some  species  of 
Honeysuckle  (Fig.  859),  consisting  of  the  ovaries  of  two  blossoms 
united  into  one  double  berry.  The  more  usual  sorts  are  such  as  the 
pine-apple,  mulberry,  and  the  fig.  These  are,  in  fact,  dense  forms 
of  inflorescence,  with  the  fraits  or  floral  envelopes  matted  together 
or  coherent  with  each  other ;  and  all  or  some  of  the  parts  become 
succulent.  The  grains  of  the  mulbeiTy  (Fig.  593,  594)  are  not  the 
ovaides  of  a  single  flower,  like  those  of  the  blackbeiTy  which  it  super- 
ficially resembles  (Fig.  564),  but  belong  to  as  many  separate  flow- 
ers ;  and  the  pulp  of  these  pertains  to  the  floral  envelopes  instead  of 
the  pericarp.  So  that  the  mulberry  is  an  anthocarpous  (623)  as 
%vell  as  a  multiple  fruit.  The  pine-apple  is  very  similar ;  only  the 
ovaries  or  pericarps  never  ripen  any  seeds,  but  all  are  blended,  with 
the  floral  envelopes,  the  bracts,  and  the  axis  of  the  stem  they  thickly 
cover,  into  one  fleshy  and  juicy  mass.     Tlie  fig  (Fig.  590-592) 
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dlfTcrs  from  the  pine-apple  in  having  this  succulent  axid  or  receptacle 


<Hi  the  outside.  It  mny  be  compared  with  such  nn  anthocarpoua 
fruit  aa  a  rose-hip  (Fig.  439).  It  results  from  a  multitude  of  flow- 
ers concealed  in  a  hollow  flower-stalk,  if  it 
maj  be  so  called,  which  becomes  pulpy  and 
edible  when  ripe;  and  thus  the  fruit  seems 
to  grow  directly  from  Ihe  axil  of  a  leaf, 
without  being  preceded  by  a  blossom.  The 
minule  flowers  concealed  within,  or  some  of 
them,  ripen  their  ova- 
ries into  very  small 
achenia,     which     are  fj(\ 

commonly  taken    for  I'.i'i  1 

seeds.     The  principal  \j  ',,1 

form  of  multiple  fruit  Py 

which  has  received  a  "^ 

substantive  name  is 
625.  He  Strobile  or  Com,  a  scaly  multiple  fruit,  resulting  from  the 


luHi  ihowlDg  one  of  the . 
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ripening  of  some  sort  of  catkin.  The  name  is  applied  to  the  fruit  of 
the  Hop,  where  the  large  and  thin  scales  are  bracts ;  but  it  more 
especially  belongs  to  the  Pine  or  Fir  cone,  the  peculiar  fruit  of  Co- 
niferae  (Fig.  59 G),  the  scales  of  which  are  open  carpels  (560),  bear- 
ing two  or  more  naked  seeds  upon  their  upper  or  inner  face  (Fig- 
597).  A  more  or  less  fleshy  and  closed  cone,  such  as  that  of  Taxo- 
dium,  and  especially  that  of  Juniper  (Savin,  Red  Cedar,  &c.),  which 
at  maturity  imitates  a  beny,  lias  been  termed  a  Galbalus. 


CHAPTEE    XI. 

OF  THE  SEED. 

Sect.  I.    Its  Structure  and  Parts. 

C26.  The  Seed,  like  the  ovule  (561),  of  which  it  is  the  fertilized 
and  matured  state,  consists  of  a  Nucleus,  or  kernel,  usually  en- 
closed within  two  Integuments. 

627.  Its  Integuments,  ic.  The  outer,  or 
proper  seed-coat,  corresponding  to  the  ex- 
terior coat  of  the  ovule,  is  variously  termed 
the  Episperm,  Spermoderm,  or  more  com- 
monly the  Testa  (Fig.  599,  b).  It  varies 
greatly  in  texture,  from  membranaceous  or 
papery  to  crustaceous  or  bony  (as  in  the 
Papaw,  Nutmeg,  &c.),  and  also  in  fonn,  being  sometimes  closely 
applied  (conformed)  to  the  nucleus,  and  in  other  cases  loose  and 
cellular  (as  in  Pyrola,  Fig.  927,  and  Sullivantia,  Fig.  843),  or  ex- 
panded into  wings  (as  in  the  Catalpa  and  Trumpet-Creeper,  Fig. 
601),  which  render  the  seeds  buoyant,  and  facilitate  their  dispersion 
by  the  wind ;  whence  winged  seeds  are  only  met  with  in  dehiscent 
fiiiits.  The  wing  of  the  seed  of  Pines  (Fig.  598)  is  a  part  of  the 
surface  of  the  scale  or  carpel  to  which  it  is  attached,  and  which 
separates  with  it.     For  the  same  purpose,  the  testa  is  sometimes 


600 


FIO.  609.  Vertical  ms^^ified  section  of  the  (anatropous)  seed  of  the  American  Linden :  a, 
the  hilum ;  &,  the  testa ;  0,  the  tegmen ;  <f,  the  albumen ;  e,  the  embxyo.  GOO.  Vertical  se^ion 
of  the  (orthotropous)  seed  of  HeUantbemum  Canadense :  a,  the  fanicalus. 
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provitled  with  a  tuft  of  hain  at  one  end,  termed  «  Cbma ;  as  id 
Epilobium  and  Milkweed  (Fig.   602).      In  the  Cotlon-planl,  the 
whole  Eurface  of  the  seed  is  covered  with  long  wool. 
It  should  likewise  be  noticed,  tlutt  the  integument  of 
numerous  small  seeds  is  furnished  with  a 
coating  of  small   hain  cont^ing  spiral 
threads  (one  fonn  of  which  is  represented 
in  Fig.  44),  and  usually  appressed  and  con- 
fined to  the  surface  by  a  film  of  mucilage. 
When  the  seed  is  moistened,  the  mucilage 
softens,  and  these  hairs  spread  in  every 
direction.     They  are  often  ruptured,  and  **  "" 

the  extremely  attenuated  elastic  threads  they  contain  uncoil,  and  are 
protruded  in  the  greatest  abundance  and  lo  a  very  considerable  lengtlu 
This  minute  mechanism  mbserves  an  obvious  purpose  in  fixing 
these  small  seeds  to  the  moist  Eoil  upon  which  they  lodge,  when  dis- 
persed by  the  wind.  Under  the  microscope,  these  threads  may  be 
observed  on  the  seeds  of  most  Fotemoniaceous  planlJ*,  and  on  the 
achenia  of  Labiate  and  Composite  plants,  as,  for  example,  in  many 
Species  of  Senecio,  or  Groundsel.  In  Peony  the  testa  becomes 
fleshy  or  baccate ;  in  Magnolia  it  imitates  a  drupe. 

628.  The  inner  integument  of  the  seed,  called  the  Teomkn  or 
KNDOPLErEA,  although  frequently  very  divious  (as  in  Fig.  599,  c), 
is  often  indistinguishable  from  its  being  coherent  with  the  tei^ta,  and 
is  sometimes  altogether  wanting. 

629.  The  Xoffi  of  the  seed,  as  of  the  ovule,  is  called  the  Fn- 
incuLrs  (Fig.  600,  a).  The  scar  left  on  the  fiice  of  (he  seed,  by  its 
separation  from  the  funiculus  at  maturity,  is  termed  the  Hilvu. 
The  chalaza  and  rhaphe,  when  present,  are  commonly  obvious  in 
the  mature  seed,  as  well  as  in  the  ovule  (564— 1>68),  and  the  name 
and  relations  of  these  several  parts  in  the  seed  are  the  same  as  in 
the  ovule.  Also  the  terms  orihotropotii,  analropoui,  campylotropotit, 
&c,  originally  applied  lo  the  ovules,  are  extended  to  the  seeds  which 
result  from  them ;  so  that  we  may  say,  Seeds  anatropous,  as  well  as 
Ovules  analropons,  &c 

630.  Aril  or  irillni.  Same  seeds  are  furnished  with  a  covering, 
(usually  incomplete  and  of  a  fleshy  texture,)  wholly  exterior  to  their 
proper  integuments,  arising  from  an  expansion  of  the  apex  of  the 
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seed-stalk,  or  funiculus,  or  of  the  pkieenta  itself  when  there  is  no 
manifest  seed-stulk.  This  is  called  the  Aril.  It  forms  the  pulpy 
enveloi)e  of  the  seed  of  Podophyllum,  Euonymus,  and  Ce- 
lastrus,  or  it  appears  as  a  mere  lateral  scale  in  Tumera,  or 
as  a  tough  and  lacerated  body,  known  by  the  name  of  macej 
in  the  Nutmeg.  In  the  White  Water-Lily  it  is  a  thin  and 
delicate  cellular  bag,  open  at  the  end  (Fig.  COS).  Tlie 
Aril  docs  not  appear  in  the  ovule,  but  is  developed  subso- 
**'  quent  to  fertilization,  during  the  growth  of  the  seed.  Of 
the  same  or  similar  nature  is  the  Carunclk  found  at  the  hilum  in 
Polygala,  forming  a  loose  lateral  appendage.  Strictly  speaking,  it 
is  to  be  distinguished  from  the  Stropiiiole  (like  that  of  Euphoi'^ 
bia),  which  is  a  cellular  growth  from  the  micropyle ;  but  the  two  are 
not  M'ell  discriminated.  An  analogous  cellular  growth  takes  place 
on  the  rhaphe  of  the  Bloodi'oot,  of  the  Prickly  Poppy,  and  of  Dicen- 
tra,  fomiing  a  conspicuous  crest  on  the  whole  side  of  the  seed. 

631.  The  Nucleus^  or  Kernel  of  the  seed,  consists  of  the  Albumen, 
when  this  substance  is  present,  and  the  Embryo. 

632.  The  AlbameOt  which  has  also  been  termed  the  Perisperm  or 
the  Endosperm,  has  already  been  described  (125)  as  the  floury  part 
of  those  seeds  in  which  an  amount  of  nourishment  for  the  germi- 
nating plantlet  is  stored  up  outside  of  the  embryo.  This  was 
called  by  Gartner  the  albumen  of  the  seed,  from  some  fancied  anal- 
ogy with  the  white  of  an  Q^'g  as  to  situation  or  function ;  —  an  un- 
fortunate term,  on  account  of  its  liability  to  be  confounded  with  the 
quaternary  chemical  substance  of  the  same  name  (357),  one  of  the 
forms  of  proteine.  Being  in  general  use,  the  term  cannot  row  well 
be  discarded. 

633.  The  Albumen  of  the  seed  consists  of  whatever  portion  of  the 
tissue  of  the  ovule  persists,  and  becomes  loaded  with  nutritive  mat- 
ter accumulated  in  its  cells,  —  sometimes  in  the  form  of  starcli- 
grains  principally,  as  in  wheat  and  the  other  ceroal  grains ;  some- 
times as  a  continuous,  often  dense,  incrusting  deposit,  as  in  the  cocoa- 
nut,  the  date,  the  cofFee-gi'ain,  &c.  When  it  consists  chiefly  of 
starch-grains,  and  may  readily  be  broken  down  into  a  powder,  it  is 
said  to  he  farinaceous,  or  mealy,  as  in  the  cereal  gmns  genei'ally,  in 
buckwheat,  &c  When  a  fixed  oil  is  largely  mixed  with  this,  it 
becomes  oily,'2&  in  the  seed  of  the  Poppy,  &c. ;  when  more  compact, 
but  still  capable  of  being  readily  cut  with  a  knife,  it  is  Jleshy,  as  in 

FIQ.  603.    A  seed  of  tbe  WUte  Water-Uly,  with  its  lac-Uke  triUus,  magnified. 


THK   ALBUMEN   AND   EMBRYO. 


823 


the  Barberry,  &c. ;  when  it  chiefly  consists  of  mucilage  or  Vegetable 
jelly,  as  in  the  Moming-Glory  and  the  Mallow,  it  is  said  to  be  fnuci^ 
iaginous  ;  when  it  hardens  more,  and  becomes  dense  and  tougli,  eo 
as  to  offer  much  resistance  to  the  knife,  as  in  the  Coffee,  the  Blue 
Cohosh,  &c.,  it  is  corneous,  that  is,  of  the  texture  of  horn.  Between 
these  all  gradations  occur.  Commonly  the  albumen  is  a  uniform 
deposit.  But  in  the  nutmeg,  as  also  in  the  seeds  of  the  Papaw  (Fig. 
658),  and  of  all  plants  of  the  Custard-Apple  Family,  it  presents  a 
wrinkled  or  vaiiegated  appearance,  owing  to  numerous  transverse 
divisions,  which  are  probably  caused  by  inflections  of  the  innennost 
integument  of  the  seed :  in  these  cases  the  albumen  is  said  to  be  rumi^ 
noted.  The  albumen  may  originate  fix)m  new  tissue  fonfled  either 
within  the  embryo-sac  (579),  which  is  probably  the  more  common 
case ;  or  in  the  nucleus  of  the  ovule  exterior  to  the  embryo-?ac, 
which  is  certainly  the  case  in  the  Water-Lily  and  its  allies,  and  in 
Saururus ;  for  here  the  thickened  embryo-sac  persists  within  or  at 
one  extremity  of  the  copious  albumen  ;  or  both  kinds  may  coexist. 
When  this  is  the  case,  the  outer  albumen  may  be  distinguished  as  the 
perisperm,  and  the  inner  as  the  eridosperm. 

634.  Seeds  provided  with  albumen  (as  in  Fig.  599,  600,  605,  606, 
600,  610-616,  622,  &c.)  are  said  to  be  albuminous;  those  destitute 
«f  it  (as  in  Fig.  607,  629,  110,  120,  &c.)  are  exaUmminous.  The 
comparative  amount  of  the  albumen,  and  its  relation  to  the  embryo 
in  various  seeds,  may  be  seen  on  inspection  of  many  of  the  subjoined 
figures. 
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^35.  The  Embryo,  or  Germ,  being  an  initial  plantlet  or  individual,  is 
of  course  the  most  important  part  of  the  seed ;  to  its  production,  protec- 

TIG.  004.    Seed  of  a  Violet  (aoatropous),  enlarged :  a,  hihim  or  iear ;  6,  rhaphe ;  e,  chalaza. 

FIQ.  605.  Vertical  section  of  the  same,  showing  the  stndght  embryo  in  the  sjds  of  the  meal/ 
albumen. 

FIQ.  606.  Vertical  section  of  the  (orthotropous)  seed  of  Buckwheat,  showing  the  embryo 
folded  round  in  the  mealy  albumoi. 

FIG.  607.  Vertical  section  of  the  (anatropous)  seed  of  Elodea  Virginica,  the  embryo  com- 
pletely filling  the  coots. 

FIO.  608.  Seed  of  Delphinium  tiioomo  (anatropous),  enlarged ;  a,  the  hilum ;  b,  the 
•rhaphe ;  e,  the  chalaca.  60d.  Vertical  section  of  the  same:  e,  the  ohalaaa;  cf,  the  testa;  e, 
the  tegmen ;  /,  the  albumen ;  ff,  the  minute  embryo  near  the  hilum,  a. 
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tion,  and  rapport  all  the  other  parts  of  the  fmit  and  fiowcr  are  sub* 
servient.  It  becomes  a  plant  by  the  mere  development  of  its  parts : 
it  therefore  possesses,  in  a  rudimentaiy  or  undeveloped  state,  all  the 
essential  organs  of  vegetation,  namely,  a  root,  stem,  and  leaves.  It8 
general  structure  and  development  have  already  been  explained  in 
considerable  detail  (118-130). 

636.  In  albuminous  seeds  it  is  naturally  the  smaller  and  its  parts 
the  less  developed  in  proportion  to  the  amount  of  albumen,  and  the 

several  organs  are 
developed  or  even 
formed  in  germina- 
tion. Inexalbumi- 
nous  seeds,  where 
the  embryo  con- 
stitutes the  whole 

\/  ]'/  \\^         ^H^Hv      P^^*^    *^   ordina- 

VI  U  >^  Vr^^P'^       rily     conspicuous, 

although  they  are 
often  more  or  less  disguised  by  thickening;  as  the  cotyledons  in 
the  Ahnond  (Fig.  108)  and  Cherry  (Fig,  111),  and  especially  in 
the  Pea  (Fig.  118),  the  Acorn  (Fig.  120),  the  Horsechestnut  (Fig. 
630),  and  the  like. 

637.  The  parts  of  the  embryo,  as  already  illus- 
trated (120)  are  the  Madicle,  the  Cotyledons^  and 
the  Plumule.  The  radicle  is  the  axis,  or  rudimen- 
tary stem,  —  the  first  intemode  of  the  axis  (121, 
157),  from  the  lower  extremity  of  which  the  root 
is  produced,  while  the  other  bears  the  cotyledons, 
i.  e.  the  leaves  of  the  first  node ;  and  the  plumule 
is  the  bud  which  crowns  the  summit  of  the  radicle. 

638.  Owing  to  the  mode  of  its  formation  (580),  the  radicle  of  the 


FIG.  610.  Vertioal  metkm  of  the  seed  of  &  Peooj,  Onsmiag  a  small  embryo  near  the  base  of 
the  copioofl  albumen.    611.  The  embryo,  detached,  and  more  magnified. 

FIO.  612.  Section  of  a  seed  of  Barberry,  with  a  straight  embryo  in  the  axis  ct  the  alba- 
men.    618.  Its  embryo,  detached. 

FIQ.  614.  Section  of  a  Potato-seed,  showing  the  embryo  o<dIed  in  the  albnmen.  615.  lis 
mnbiyo,  detached. 

FIQ.  616.  Section  of  the  seed  of  Kirabilis  or  Four-o'clock,  showing  the  embxyo  ctrfled  roand 
the  ontsidfr  of  4;he  albumen. .  617.  Its  embiyo,  detaeind,  and.partly  spread  out. 

FIG.  618.  Embryo  of  the  Pompkin,  with  its  shortxsdicte  and  large  and  flat  ootylodons, 
seen  flatwise.    619.  A  vertical  seeiion  of  the  same,  viewed  edgewise. 
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embryo  is  idivnys  near  to  and  points  towards  the  micropyle  of  the 
seed,  viz,  to  what  was  tlie  orifice  of  the  ovule ;  and  if  the  embryo  be 
straight  (as  in  Fig.  60o),  or  merely  partakes  of  the  curvature  of 
the  seed,  the  cotyledons  point  to  the  opposite  extremity  of  the  seed, 
that  is,  to  the  chalaza.  The  position  of  the  radicle  as  respects  the 
hilum  varies  with  the  diflerent  kind  of  seed.  In  the  orthotropous 
form,  as  in  Helianthemum  (Fig.  600)  and  Buckwheat  (Fig.  606), 
the  radicle  necessarily  points  directly  away  frcwn  the  hilum.  In  the 
anatropous  fonn,  as  in  the  seed  of  the  Lin- 
den (Fig.  599)  and  Violet  (Fig.  604,  6 
the  extremity  of  the  radicle  is  brought  to 
the  immediate  vicinity  of  the  hilum ;  and 
so  it  is,  although  in  a  difl^rent  way  in 
the  campylotropous  seed  (Fig.  620,  621);  while  in  the  amphitro- 
pous,  the  radicle  points  away  from  the  hilum  laterally,  at  a  right 
angle  to  the  funiculus.  As  the  nature  of  the  ovule  and  seed  may 
usually  be  ascertained  by  external  inspectitm,  so  therefore  the  eitna- 
tion  of  the  embryo  within,  and  of  il«  parts,  may  often  be  inferred 
without  dissection.  But  the  dissection  of  seeds  is  not  generally  a 
difficult  operation. 

639.  The  position  of  the  embryo  as  respects  the  albumen,  when 
that  is  present,  is  various.  Although  more  commonly  in  the  axis,  it 
is  often  exeeniric,  or  even  external  to  the  albumen,  as  in  all  Grasses 
and  cereal  Grains  (Fig.  622-624),  in  Polygonum  (Fig.  I1H),  fee 
When  external  or  nearly  so,  and  curved  circularly  around  the  albu- 


men, as  in  Goosefoot,  Chickweed  (Fig.  621),  and  Mirabilis  (Fig. 
616),  it  is  said  to  be  peripheric.     When  bent  or  folded  in  such  a 


makM  up  Iba  fihv^pa  bidk  of  ll»  grain, 
k  grshi  at  RIea.  614.  VerCloal  ncUBn  of  i 
theplimnlaj  ud  r,  ttu  ndkte  of  Cba  ml 
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waj  that  the  radicle  lies  along  the  edges  of  the  cotyledons,  the 
latter  are  said  to  be  accumbent  (Fig.  700) ;  or  when  the  radicle 
rests  against  the  back  of  one  of  them,  or  in  proximity  to  it  (Fig. 
705),  they  are  iyicuinhent 

640.  The  direction  of  the  embiyo  with  respect  to  tlie  pericai-p  is 
also  particularly  noticed  by  systematic  writers;  who  employ  the 
terms  cacending,  or  radicle  superior,  when  the  latter  points  to  the 
apex  of  the  fruit ;  descending,  or  radicle  inferior,  when  it  points  to 
its  base ;  centripetal,  when  the  radicle  is  turned  towards  the  axis 
of  the  fruit ;  centrifugal,  when  turned  towards  the  sides ;  and  vague, 
when  it  bears  no  evident  or  uniform  relation  of  the  kind  to  the 
pericarp. 

641.  As  to  the  number  of  its  cotyledons,  or  the  degree  of  com- 
plexity or  simplicity  of  the  embryo^,  the  principal  types  hare  already 
been  considered  (128).  The  plan  of  the  embryo  in  Exogenous 
plants  is  to  have  a  pair  of  opposite  cotyledons ;  that  is,  the  embryo 
is  dicotyledonous,  and  such  plants  are  denominated  Dicotyledo- 
nous Plants. 

642.  A  modification  of  this  plan  occurs  in  Pines  and  most  other 
Coniferas,  in  which  the  cotyledons  are  increased  to  three,  four,  six, 
or  even  to  fifteen,  in  a  whorl  (Fig.  133,  134) ;  and  this  embryo  of 
highest  complexity  is  called  polycotyledonous.  The  embryos  of 
some  Leguminous  or  Cruciferous  plants  are  occasionally  found,  with 
three  cotyledons,  as  an  accidental  deviation. 

643.  But  in  all  Endogenous  plants  only  one  cotyledon  appears, 
i.  e.  only  one  seed-leaf  on  the  primary  node ;  if  two  or  more  rudi- 
mentary leaves  are  present,  they  are  alternate,  and  all  but  the  first 

belong  to  the  plumule.  Here  the  em- 
bryo is  monocofylecbnous,  and  hence 
Endogens  are  also  termed  Monocoty- 
LEDONOUS  Plants.  The  monoooty- 
ledonous  embryo  does  not  usually  pre- 
sent a  manifest  distinction  into  radicle, 
cotyledons,  and  plumule,  as  the  dicoty- 
ledonous ;  but  often  appears  like  a  ho- 
mogeneous and  undivided  cylindrical  or  club-shaped  body,  as  in  Iris 

HG.  626  Seed  of  Triglochin  palustre ;  the  rhaphe,  leading  to  the  strong  chalaa  at  the 
snmmit,  turned  towards  the  eye.  626.  The  embryo  detached  from  the  seed-ooats,  showing 
the  loDgitndinal  chink  at  the  base  of  the  cotyledon ;  the  short  part  below  is  the  radicle.  627. 
Same,  with  the  chink  turned  laterally,  and  half  the  cotyledon  cut  away,  bringing  to  view  th« 
plumule  concealed  within.    628  A  cross-section  through  the  {Anmule,  more  magnified. 
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(Fig.  131)  and  Triglocliin  (Ftg.  G26).  In  the  latter,  however,  clo^ie 
inspection  reveals  a  vertical  slit  or  chink  just  above  tiie  radiculHr 
extremity,  through  which  the  plumule  is  protruded  in  germination. 
If  the  embryo  be  divided  parallel  with  this  slit,  the  plumule  is 
brought  into  view  ;  as  in  Fig.  6:27.  If  a  horizonlid  section  be  made 
at  this  point  (as  in  Fig.  G'28),  the  cotyledon  is  found  to  be  wrapped 
around  the  enclosed  plumule,  eheathing  it,  much  as  Ilie  bud  and  tlie 
younger  parts  of  the  stem  are  sheathed  by  the  biioea  of  the  leaves 
in  most  monocotyledonous  plants.  The  plumule  is  more  manifest 
in  Grasses,  especially  in  the  cereal  grtuns,  and  more  complex,  ex- 
hibiting the  rudimenla  of  several  concentric  leaves,  or  of  a  stronf} 
bud,  previous  to  germination  (Fig.  622-624,  and  126  —  128).  In 
many  cases,  however,  no  distinction  of  parts  is  apparent  until  ger- 
mination commences  ;  as  in  the  Onion,  Iris  (Fig.  131),  &c. 

644.  In  several  Dicotyledonous  pUmt^  one  cotyledon  is  smallef 
than  the  other,  viz.  the  inner  one,  wfien  the  embryo  is  coiled  o( 
folded.     And  in  all  the  species  of 

Abi-onia  this  cotyledon  is  wanting, 
60  that  the  embryo  becomes  tech- 
nically monocotyledonous.  In 
the  Dodder,  a  genus  of  leaHess 
parasitic  plants  of  the  Convolvu- 
lus family,  the  embryo  abo  is 
entirely  destitute  of  cotyledons 
(Fig.  148).  Here  these  organs 
are  suppressed  in  an  embryo  of 
considerable  size ;  but  in  most 
such  parasites,  the  embryo  is  very 
minute,  as  well  as  reduced  to  the 
greatest  degree  of  simplicity,  and 
seems  to  remain  until  germination 
in  a  very  rudimentary  state. 

645,  Sometimes  the  two  cotyle- 
dons of  a  dicotyledonous  embryo 
are  consolidated,  or  more  or  less 
coherent  by  their  contiguous  faces 

into  one  mass,  when  they  are  said  to  be  cmiferruminate,  as  in  the 
Horsechestnut,  Buckeye  (Fig,  629,  630),  and  the  ChestnuL  In 
these,  as  in  other  embryos  with  very  thick  cotyledons,  the  latter  are 
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necessarilj  hypog€Bou8  in  germination  (124,  126),  that  is,  they  re- 
main underground,  enclosed  within  the  coats  of  the  seed,  yielding 
their  abundant  store  of  nourishment  to  the  radicle  and  the  plumule ; 
and  the  first  leaves  that  appear  are  those  of  the  plumule. 


Sect.  IL    Germination. 

646.  Germiliatioil  is  the  initial  act  of  growth,  by  which  the  embryo 
in  a  seed  develops  into  a  plantlet.  The  steps  of  the  early  growth 
have  already  been  sufficiently  explained  in  an  early  part  of  this  vol- 
ume (119-132). 

647.  The  seeds  of  some  plants  (such  as  the  Red  Maple)  germi- 
nate shortly  afler  falling  to  the  ground ;  those  of  most  other  plants 
not  until  the  next  year,  or  even  later.  How  long  seeds  may  retain 
the  power  of  germinating  is  uncertain,  and  is  extremely  variable  in 
different  species  and  families.  Those  of  many  plants  under  ordinary 
circumstances  can  rarely  be  made  to  grow  afler  two  or  three  years ; 
some  will  germinate  pretty  well  afler  several  years  keeping ;  and 
tHe  seeds  of  certain  Leguminous  plants  have  been  known  to  germi- 
nate when  sixty  years  old.  But  the  current  accounts  of  wheat,  &c 
being  raised  from  grain  taken  from  ancient  mummies,  circumstan- 
tially authenticated  as  some  of  them  appear  to  be,  must  be  received 
with  the  greatest"  misgiving,  if  not  with  entire  incredulity.  One  of 
the  most  probable  cases  of  germination  of  ancient  seeds  on  record  is 
that  given  by  Dr.  Lindley,  of  some  Easpberries,  "  raised  in  the  gar- 
den of  the  Horticultural  Society  from  seeds  taken  from  the  stomach 
of  a  man,  whose  skeleton  was  found  thirty  feet  below  the  surface  of 
the  earth,  at  the  bottom  of  a  barrow  which  was  opened  near  Dorches- 
ter. He  had  been  buried  with  some  coins  of  the  Emperor  Hadrian ; 
and  it  is  therefore  prohaMe  that  the  seeds  were  sixteen  or  seventeen 
hundred  years  old,**  Most  seeds,  when  buried  deep  in  the  soil, 
where  they  are  subject  to  a  uniform  and  moderate  temperature,  and 
removed  from  the  influence  of  the  air  and  light,  may  be  in  a  favorable 
state  for  the  preservation  of  vitality,  and  would  be  likely  to  germi-f 
nate  when  brought  to  the  surface  afler  a  considerable  interval  But 
the  possibility  of  mistake  or  of  collusion  must  be  more  thoroughly 
eliminated  before  a  case  of  such  extraordinary  tenacity  of  life,  under 
conditions  in  some  respects  very  unfavorable,  can  be  considered  as 
well  established. 
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G48.  The  conditions  requisite  to  germination  are  exposure  to 
moisture  and  to  a  certain  amount  of  heat,  varying  from  50*  to  80® 
(Fahrenheit)  for  the  plants  of  temperate  climates,  to  which  must  be 
added  a  free  conununication  with  the  air.  Direct  light,  so  essential 
to  subsequent  vegetation,  is  unnecessary,  and  generally  unfavorable, 
to  germination.  The  degree  of  heat  required  to  excite  the  latent 
vitality  of  the  embryo  is  nearly  uniform  in  the  same  species,  but 
widely  different  in  different  plants ;  since  the  common  Chickweed 
wiU  germinate  at  a  temperature  not  far  above  the  freezing-point  of 
water,  while  the  seeds  of  many  tropical  plants  require  a  heat  of 
90®  to  110®  (Fahrenheit)  to  call  them  into  action,  and  are  often 
exposed  to  a  considerably  higher  temperature.  Seeds  are  in  the 
most  favorable  condition  for  germination  in  ^spring  or  summer,  when 
loosely  covered  with  soil,  which  excludes  the  light  while  it  freely 
admits  the  air,  moistened  by  showers,  and  warmed  by  the  rays  of 
the  sun.  The  water  which  is  slowly  absorbed  softens  all  parts  of 
the  seed ;  the  embryo  swells,  and  bursts  its  envelopes,  or  the  elon- 
gating radicle  is  protruded  from  them,  and  all  the  parts  grow  or 
unfold  in  the  manner  already  described,  each  organ  in  its  proper 
medium,  the  root  being  developed  in  the  soil,  and  the  stem  and 
leaves  in  the  air. 

649.  The  nourishment  which  the  embryo  requires  during  germi- 
nation is  furnished  by  the  starch,  &c.  of  the  albumen  (6^52),  when 
this  substance  is  present  in  the  seed ;  or  by  starchy  or  other  nutri- 
tive matter  accumulated  in  its  own  tissue  (636, 123).  But  as  starch 
is  insoluble  in  cold  water,  certain  chemical  changes  are  necessary  to 
bring  it  into  a  fluid  state,  so  that  it  may  nourish  the  embryo.  These 
changes  are  incited  by  the  proteine  or  neutral  azotized  products 
(354),  which  are  largely  accumulated  in  the  seed,  either  in  the 
albumen  or  in  the  embryo  itself,  and  which  take  the  initiative  in  all 
the  transformations  of  vegetable  matter  (27).  In  the  germinating 
seed,  just  as  in  growth  from  a  bulb  or  tuber,  the  changes  essentially 
consist  m  the  transformation  of  the  starch,  first  into  dextrine,  or 
gum,  and  thence  into  sugar,  a  part  of  which  is  destroyed  by  resolu- 
tion, first  into  acetic  acid,  and  finally  into  carbonic  acid  and  water, 
with  the  abstraction  of  oxygen  from  the  air,  and  the  evolution  of 
heat  (349,  370  -  373),  while  the  remainder  is  rendered  directly  sub- 
servient to  the  growth  of  the  plantlet.  The  reason  why  light,  so 
essential  to  subsequent  growth,  impedes  or  prevents  incipient  ger- 
mination, becomes  evident  when  we  remember  that  it  incites  the 

28* 
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decomposition  of  carbonic  acid,  and  th<^  Hxa^iop  e^  carbon  by  the 
plant  (344  -  350)  ;  while  germination  is  necessarily  attended  by  an 
op]x>site  transformation,  namely,  the  destruction  of  a  portion  of  or- 
ganized matter,  with  the  evolution  of  carbonic  acid.*  In  germina- 
tion, as  in  any  other  act  in  which  matter  is  transformed  or  trans- 
feiTcd,  there  is  a  certain  expenditure  of  force  and  loss  of  organized 
material.  The  plantlet  is  obliged  to  decompose  and  destroy  a  part 
of  the  starch  or  other  material  provided  for  its  initial  growth,  in 
order  that  it  may  transform  the  rest  into  dextrine  and  sugar,  and 
this  again  into  cellulose  or  the  material  of  the  new  cells  formed  in 
its  growth. 

650.  The  study  of  the  seed,  and  of  the  development  of  the  em- 
bryo it  contains  into  a  plantlet,  completes  the  cycle  of  vegetable  life 
in  the  higher  grade  of  Phaenogamous  plants,  and  brings  us  back  to 
our  starting-point  (118,  119). 


CHAPTER    XII. 

OP  REPRODUCTION  IN  CRYPTOGAMOUS  OR  PLOWERLESS  PLANTS. 

651.  The  lower  grade  of  Crtptogamous  or  Flowerless 
Plants  (Chap.  11.  Sect  I.)  would  now  require  to  be  considered, 
both  as  to  the  vegetation  and  their  reproduction.  But  the  plan  of 
structure  in  each  principal  Cryptogamous  family  is  so  peculiar, 
and  the  organs  of  fructification  especially  so  diverse,  that  their 
morphology  cannot  be  presented  under  one  common  type,  as  in  Phae- 
nogamous vegetation.  Each  great  family  or  group  would  have  to 
be  separately  treated,  and  with  much  fulness  of  illustration,  to^make 


*  Seeds  may  casaally  germinate  while  attached  to  the  parent  plant,  especially 
such  as  are  surrounded  with  pulp,  like  those  of  the  Cucumber  and  Melon.  The 
process  is  liable  to  commence  in  wheat  and  other  grain,  when  protracted  warm 
and  rainy  weather  occurs  at  the  period  of  ripening ;  and  the  albumen  becomes 
glutinous  and  sweet,  from  the  partial  transformation  of  the  starch  into  dextrine 
and  sugar.  In  the  Mangrove,  which  forms  dense  thickets  along  tropical  coasts, 
germination  habitually  commences  in  the  pericarp  while  the  fruit  remains  on  the 
tree ;  and  the  radicle,  piercing  the  integuments  which  enclose  it,  elongates  in  the 
air ;  such  a  plant  being,  as  it  were,  viviparous* 
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tlie  subject  intelligible  to  the  unpractised  student.  Tliis  can  hardly 
be  done  in  so  elementary  a  work  as  the  present,  but  requires  a  sepa- 
i*ate  treatise.  Tlie  student  who  has  intelligently  studied  the  present 
volume  up  to  the  present  point,  is  prepared  for  the  more  difficult  study 
of  the  structure  of  Cryptogamous  plants,  in  the  only  general  work  of 
the  kind  that  has  yet  appeared  in  the  English  language,  viz.  Berke- 
ley's Introdiictian  to  Cryptogamic  Botany,  An  enumeration  of  the 
Cryptogamous  orders,  with  a  brief  notice  of  their  structure  and  sub- 
ordinate divisions,  may  be  found  in  the  systematic  part  of  the  pres- 
ent work.  A  slight  sketch  of  their  grades  of  development  as  to 
vegetation  has  already  been  given  (97-113).  We  here  attempt 
to  present  merely  a  very  brief  and  general  account  of  their  plan  of 
reproduction,  divested  as  far  as  possible  of  technical  terms. 

652.  Taken  collectively,  we  distinguish  this  lower  series  of  the 
vegetable  kingdom  by  negative  characters  only ;  saying  that  these 
plants  do  not  bear  ir\xe  flowers  (consisting  essentially  of  stamens  and 
pistils),  and  accordingly  do  not  produce  seeds^  or  bodies  consisting 
of  a  distinguishable  embryo  plantlet,  developed  in  an  ovule  through 
fertilization  by  pollen.  Their  spores  (97),  or  the  bodies  produced  in 
their  fructification  by  which  they  are  propagated,  and  which  there- 
fore answer  to  seeds,  are  single  cells,  at  least  in  most  cases.  These, 
as  they  germinate  in  the  soil,  or  whatever  medium  they  live  in,  un- 
dergo a  development  at  the  time  of  their  germination  which  has  been 
compared  with  that  of  the  embryonal  vesicle  (o79)  during  its  devel- 
opment into  the  embryo  in  the  ovule  ;  and  by  growth  directly  give 
rise  to  the  plant. 

653.  It  was  once  thought  probable,  that  these  spores  were  pro- 
duced, and  were  capable  of  developing  into  the  plant  without  being 
fertilized  by  other  cells  answering  to  pollen ;  or  at  least  that  this  was 
the  case  in  all  the  lower  orders,  such  as  Algae  and  Fungi,  and  in  some 
of  the  highest,  such  as  Ferns.  But  the  sagacious  Linnaeus,  by  nam- 
ing them  Cryptogamous  plants  (i.  e.  plants  with  concealed  organs  of 
reproduction)  seems  to  have  recorded  his  belief  that  they  were  really 
bisexual,  or  furnished  with  two  sorts  of  organs,  the  fertilizing  and  the 
fertilized.  A  series  of  important  discoveries,  for  the  most  part  of 
recent  date,  have  proved  this  to  be  so,  —  have  ^made  known  a  true 
fecundation  in  numerous  species  of  every  Cryptogamous  order,  and 
in  their  lowest  as  well  as  their  highest  forms,  thus  leaving  no  doubt 
of  its  universality.  The  apparatus  and  the  processes  of  reproduction, 
however,  are  wonderfully  varied  in  the  different  groups  of  Cr}})- 
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k^amoos  pinnts.  A  few  examples  may  be  adduced,  illustratiTe  ot 
the  priadpal  modes,  beginning  with  the  simplest  plants. 

654.  Brprodnetioi  ii  Pluts  tf  a  Singhi  Cell  (loo).    Alt  such  eimpie 

one-celled  planu  aa  Protococcus  and  the  like  (Fig.  79-83,  18-22), 
DesmidiaceiB  and  DiatomaceK,  are  freely  propagated  by  cell-multi- 
plication (33  -  36), — the  divisicm  of  their  protoplasm  or  whole  living 
mats  into  bodies  which  directly  become  new  cella  like  the  parent, — 
or  by  original  cell-formation  in  their  interior  (29).  This  is  non- 
texual  rtprodtuition,  and  essentially  answers  to  the  well-known  prop- 
agation of  Phienogamous  plants  by  buds,  bulbs,  offaeta,  &c.  It  is 
probable  that  this  may  not  go  on  indefinitely  in  any  plant.  At  any 
rate,  not  only  do  all  the  higher  plants  propagate  in  a  different  way, 
vii.  by  flowers,  producing  seeds,  but  probably  all  plants  of  the  lower 
grade  also  have  a  lexvat  reproduction  in  some  form  or  other.  It  is 
certainly  the  case  in  many  one-celled  plants,  and  in  others  almost 
equally  simple  in  structure.  As  in  Phfenogamous  plants,  Eexual 
reproduction  essentially  depends  upon  the  mingling  of  the  materials 
of  two  distinct  cells  (as  the  pollen-cell  and  the  embryonal  vesicle, 
579) ;  and  these  cella  in  the  lowest  forma  of  vegetation  represent 
individual  plants.  The  simplest  mode  of  such  reproduction  in  the 
lowest  plants,  and  that  longest  known,  is  what  has  been  termed 

055.  CGnjagatloa.  This  is  the  mode  in  which  two  vast  tribes  of 
microscopic  one-celled  aquatic  plants,  the  Desnudiaceie  and  Diato- 
maceie,  are  reproduced.  They  muZti- 
plg  rapidly,  and  apparently  without 
limit,  by  auccessive  division  into  two 
equal  parts,  which  separate,  each  be- 
coming like  the  original  Butattengih 
two  of  these  individuala,  being  en- 
dowed  with  the  power  of  movement, 
come  into  contact ;  the  firm  or  of^ 
silicioQs  cell-wall  ruptures  or  ^ves 
way  in  a  definite  manner  at  the  place 
of  junction,  and  the  whole  contents  of 
the  two  conjugating  cells  or  individu- 
•"     •"         "  ™       als  are  commingled  into  one  mass  of 

protoplasm,  &c. ;  this  soon  has  a  coat  of  cellulose  formed  arotmd  it, 

no.  ESI.    MagDUed  Indlvldiul  ot  CInterlAm  uatam,  after  Halh.    632.  Tto  tDiMdndi 


CRYPTOGAMOUS   OB  FLOWERLKSS   PLANTS. 


333 


m-^^:^ 
^ 


and  is  now  a  spore,  which  when  it  grows  begins  a  new  series  of  in- 
dividuals developed  by  successive  divi^^ion. 

656.  In  AlgS  eODlifttiDg  of  a  Single  Row  of  Cells  one  tribe  presents 
the  same  mode  of  reproduction,  and  the  various  species  of  Zjgnema 
or  Spirogyra,  found  in  almost  every  pool  of  frcch 
water  at  different  times  in  spring  and  summer, 
afford  the  readiest  illustrations  of  conjugation, 
which  low  powers  of  the  microscope  suffice  to 
exhibit  These  green  threads  when  magnified 
are  seen  to  consist  of  single  rows  of  cylindrical 
cells  joined  end  to  end.  The  cells  being  all 
alike  and  equally  capable  of  conjugation,  each  is 
as  it  were  an  individuaL  At  a  certain  season, 
a  protuberance  appears  on  the  corresponding 
parts  of  certain  cells  of  two  adjacent  threads; 
the  budding  growth  continues  until  the  two 
come  into  contact;  the  intervening  walls  are 
then  absorbed,  opening  a  free  communication 
between  the  cavities  of  the  two  cells ;  mean- 
while the  green  matter  and  protoplasm,  before 
arranged  in  some  de^ite  shape  in  each  species 
(more  commonly  in  one  or  more  spiral  bands), 
break  up  into  a  granular  mass  floating  in  the 
Water  of  the  cell ;  this  all  passes  over  from  one 
cell  to  the  other,  —  sometimes  to  the  one  plant  and  sometimes  to  the 
other  in  adjacent  cells,  —  and  is  mingled  with  the  similar  contents  of 
the  cell  which  receives  it ;  and  the  united  product  is  condensed  into 
a  green  protoplasmic  mass,  which,  acquiring  a  coat  of  cellulose,  be- 
comes a  new  cell  or  spore,  in  due  time  germinating  into  a  new  plant. 

657.  In  reproduction  by  conjugation,  the  two  cells  or  individufids 
concerned  are  alike ;  one  is  as  much  the  fertilizer  or  the  fertilized 
as  the  other.  But  the  clear  distinction  of  sexes  which  all  the  higher 
Cryptogamous  no  less  than  Phsenogamous  plants  exhibit,  is  also  mani- 
fested in  those  of  the  simplest  structure,  viz.  in  plants  consisting  of 
single  cells,  or  of  rows  or  clusters  of  similar  and  essentially  inde- 
pendent cells.     That  is,  even  these  afford  examples  of 

FIG.  685.  Magnified  Tiew  of  two  conjugating  filaments  of  Zygnema,  shoidng  all  the  BtagM 
of  the  process  by  which  the  cells  from  two  filaments  form  each  a  corresponding  protuberance, 
these  come  into  contact,  the  intervening  walls  are  absorbed,  and  the  contents  pass  from  one 
cell  into  the  other,  condense,  acquire  an  inyesthig  membrane,  and  so  form  a  spore :  the  stages 
are  represented  from  above  downwards ;  a  completed  spore  is  seen  at  the  bottom,  on  the  right 
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6od.  Direct  Fertilization  of  Spores  by  Spermatozoidt  from  an  Anthe^ 

ridinm ;  the  latter  answering  to  the  anther,  or  essential  part  of  the 
stamen,  of  Phaenogamous  plants.  Cohn*  has  shown  that  even 
Volvox  —  an  undoubted  vegetable,  consisting  of  microscopic  one- 
celled  plants  of  rounded  form,  grouped  into  a  spherical  colony  —  has 
a  true  sexual  propagation,  like  that  of  the  higher  green  Algae,  some 
of  tlie  individuals  or  cells  of  the  sphere  producing  antheridia  or  fer» 
till  zing  cells,  while  others  produce  spores,  or  bodies  which  become 
such  on  being  fertilized  hj  the  antheridia,  which  alone  renders  them 
capable  of  germination.  A  good  general  idea  of  bisexual  reproduction 
in  the  simplest  Algae  may  best  be  obtained  fix)ra  a  brief  abstract  of 
what  has  lately  been  discovered  by  Pringsheim  and  Cohn  in  two  or 
three  common  species  of  comparatively  easy  investigation. 

G59.  Vaucheria  is  a  genus  of  several  species  of  green  Algae,  con- 
sisting of  simple  but  indefinitely  branching  cells  (Fig.  89).  In  fruc- 
tification, the  whole  contents  of  the  more  or  less  enlarged  extremity 
of  some  of  the  bmnches,  or  of  a  special  projection  from  the  side 
of  the  cell,  separate  from  the  general  contents  of  the  plant,  con- 
dense into  a  globular  green  mass  (Fig.  89  a),  and  become  a  spore, 
which  at  length  escapes  by  a  rupture  of  the  walls  (Fig.  90),  moves 
freely  about  in  the  water  for  some  hours,  then  fixes  itself,  and  ger* 
minates,  elongating  directly  into  a  thread-lil^e  and  at  length  branch- 
ing plant,  like  the  parent.  Here  there  appears,  and  was  generally 
thought  to  be,  reproduction  without  fecundation.  Vaucher,  however, 
more  than  half  a  century  ago,  noticed  one  or  more  horn-shaped  pro- 
jections in  the  vicinity  of  the  spore-bearing  portion,  which  he  sus- 
pected to  be  the  analogues  of  the  anther.  Nothing  had  been  found 
to  verify  this  view  until  the  year  1854,  when  Pringsheim,  of  Berlin, 
discovered  the  fecundation  and  verified  this  conjecture.  The  horn- 
shaped  body  is  an  arUheridium^  or  the  analogue  of  the  anther.  It 
produces  myriads  of  extremely  minute  corpuscles,  of  oblong  shape, 
and  furnished  with  a  bristle  or  cilia  at  each  end,  by  the  vibration  of 
which  th'ey  move  freely  in  the  water.  These  are  spermatozoids  (so 
called  from  their  obvious  resemblance  to  the  spermatozoa  of  ani- 
maLn),  and  the  analogues  of  pollen.  At  the  proper  time  the  anthe- 
ridium  bursts  at  the  summit,  and  discharges  the  spermatozoids ;  at 
this  time  the  wall  of  the  projection  which  contains  the  spore  likewise 
opens;  numbers  of  the  free-moving  spermatozoids  find  their  w^ay 


*  In  Comptes  Rendus,  vol.  43,  1856,  sind  Arm.  Sci  Nai.  scr.  4,  vol.  5,  p.  323. 
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into  the  opening  and  into  contact  with  the  forming  spore,  or  eren 
penetrate  its  substance ;  it  being  an  amorphous  mass,  coated  with 
protoplasm  only.  But,  as  a  consequence  of  fecundation  by  one  or 
more  spermatozoids,  a  wall  of  cellulose  is  presently  formed  on  its 
surface,  converting  it  into  a  proper  specialized  cell  or  spore.* 

660.  ^dogonium  is  a  genus  of  simple  AlgaB  of  the  ConfeiVa  tribe, 
consisting  of  a  row  of  cylindrical  cells  placed  end  to  end,  as  in  Fig. 
639.  Some  of  these  cells,  usually  shorter  than  the  rest,  become 
tumid,  and,  without  conjugation,  have  their  whole  green  contents 
transformed  into  a  spore  resembling  that  of  Zygnema  (Fig.  635) 
and  Yaucheria  (Fig.  90).  The  fertilization  of  this  spore  has  re- 
cently been  discovered  by  Pringsheim.t  He  ascertained  that  other 
cells  of  the  same  little  plant  produce  a  great  number  of  minute 
ovoid  bodies,  which  he  names  Androtpares :  these  escape  by  the 
opening  of  the  mother  cell,  moving  about  freely  by  the  vibration  of  a 
crown  of  cilia  attached  near  the  smaller  end.  One  or  more  of  these 
androspores  fix  themselves  by  the  smaller  end  upon  the  surface  of 
the  cell  in  which  a  large  ordinary  spore  is  forming,  or  in  the  vicinity, 
and  germinate  there,  growing  longer  and  narrower  at  the  point  of 
attachment,  while  near  the  free  end  a  cross  partition  forms,  and  some- 
times another,  making  one  or  two  small  cells ;  this  is  the  true  anthe- 
ridium ;  for  in  it  a  crowd  of  spermatozoids  are  formed,  also  endowed 
with  motivity  by  means  of  vibratile  cilia.  Now  the  top  of  the  an- 
theridium  falls  off  as  a  hd,  the  spermatozoids  escape ;  the  spore-cell 
at  this  time  opens  at  the  top ;  one  of  the  spermatozoids  enters  the 
opening,  its  pointed  end  foremost ;  this  becomes  stationary  upon  or 
slightly  penetrates  the  surface  of  the  young  spore,  into  which  its 
contents  are  probably  transferred,  by  inipture  or  by  endosmosis,  and 
a  coat  of  cellulose  is  then,  but  not  till  then,  deposited  upon  it,  com- 
pleting its  organization  as  a  spore.  This  spore,  as  in  the  preceding 
cases,  in  due  time  germinates,  and  grows  directly  into  a  plant  like 
the  parent.  But  in  Bolbochsete,  according  to  Pringsheim,  and  in 
Sphaeroplea,  as  investigated  by  Cohn,^  the  spore  in  germination 
converts  its  contents  by  successive  division  into  a  large  number  of 
small,  oval  or  oblong  bodies,  furnished  with  two  long  cilia  on  a  short 


♦  Pringsheim,  in  the  Proceedings  of  the  Royal  Academy  of  Sciences,  Berlin, 
March,  1855,  and  Ann.  Sci.  Nat.  ser.  4,  vol.  3,  p.  363. 
t  Op.  supra  cit.  May,  1 856,  and  Ann,  Sci.  Nat.  ser.  4,  vol.  5,  p.  250. 
X  Op.  supra  cit.  May,  18.)5,  and  Ann.  Sci  Nat.  1.  c.  p.  136,  pi.  12,  13. 
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beak  at  one  end,  and  which  from  their  extreme  resembhmce  to  ani- 
malcules and  their  lively  movements  are  called  Zoospores,     ^iid 
these  zoospores  germinate  hj  elongation  and  the  formation  of  trans- 
verse partitions  into  adult  thread-like  plants,  consisting  of  a  row  of 
cells.    The  whole  contents  of  the  cells  of  some  adult  individuals  of 
Sph{ero(>lea  are  formed  into  large  green  spores,  as  yet  without  a  coa,t ; 
those  of  different  individuals  give  i*ise  to  myriads  of  slender  sperma* 
tozoids,  moving  by  means  of  a  pair  of  cilia  fixed  at  the  narrow  ead» 
These  escape  from  the  parent  cell  through  a  small  perforation  which 
now  appears,  enter  the  spore-bearing  cells  of  the   fertile  plant 
through  a  similar  perforation,  play  around  the  spores,  and  at  length 
one  or  more  of  them  drives  its  pointed  extremity  into  their  naked 
surface ;  afier  which,  fertilization  being  accomplished,  a  thick  coat 
of  cellulose  is  deposited  to  complete  the  spore. 

661.  That  in  the  Fucace»  or  olive-green  Seaweeds,  the  highest 
tribe  of  Algse,  the  large  spores  are  fecundated  by  spermatozoids,  or 
minute  lively-moving  cells  produced  in  antheridia,  was  demonstrated 
by  Thuret  in  the  year  1850.*  And  in  more  recent  memoirs  f  he 
has  shown  that  the  fertilization  takes  place  through  direct  contact  of 
the  spermatozoids  with  the  naked  surface  of  the  unimpregnated  spore, 
then  having  only  a  protoplasmic  coating ;  and  that  these  spores  will 
not  develop  unless  so  fertilized.  Through  the  researches  of  Thuret 
and  others,  antheridia  are  now  well  known  in  the  remaining  or 
ix>3e-red  series  of  Algae,  although  theii*  spermatozoids  are  not  known 
to  be  endowed  with  motivity.  The  same  appears  to  be  the  case  with 
Lichens,  the  bodies  described  by  Itsigsohn,!  being  probably  of  the 
nature  of  spermatozoids  or  fertilizing  cells.  In  the  vast  family  of 
Fungi  there  are  similar  indications  of  antheridia  and  spermatozoids, 
but  the  fecundation  is  not  yet  clearly  made  out. 

662.  Fertilization  by  Spermatozoids  of  a  Cell  in  a  Pislilidiom,  which 

becomes  a  Sporangium.  In  aU  the  foregoing  cases,  the  spores  them- 
selves are  the  subjects  of  direct  fertilization.  But  in  Mosses, 
Liverworts,  &c  (in  which  the  two  kinds  of  organs  have  long  been 
recognized  and  their  functions  to  some  extent  understood),  the 
contents  of  the  antheridium  act  upon  an  organ  which,  in  conse- 


*  Ann.  Set.  Nat  ser.  3,  vol.  14  and  16,  1850-1.     See  Harvey,  Nereis  Bor^ 
Amer.  in  Smithsoman  ContribtUions^  1852,  &c. 
t  Op.  cit.  ser.  4,  vol  2  and  8,  1854,  1855. 
t  In  JJoiumscIie  Z^uttmf/,  1850. 


CRTPTOGAMOUS  OB  FLOWESLESS  PLANTS.  337 

quence  of  fertilization,  develops  into  a  sort  of  pod,  the  Sporangium 
or  Spore^ase,,  filled  with  a  multitude  of  spores  which  receive  no  in- 
dividual fecundation;  this  organ,  from  its  general  analogy  to  the 
pistil,  has  been  termed  a  PigtiUidium.  The  antheridia  of  Mosses 
and  the  like  occur  either  in  the  axils  of  the  leaves,  or  collected 
into  a  head  at  the  summit  of  the  stem.  Thej  are  found  either 
in  the  same  heads  as  the  pistillidia,  or  in  distinct  heads  on  the 
same  individuals  (moncccious),  or  on  separate  individuals  (dioe- 
cious). The  antheridium  (Fig.  1307)  is  merely  a  cylindrical 
or  club-shaped  sac,  composed  of  a  single  layer  of  cells,  united 
to  form  a  dehcate  membi*ane;  within  which  are  developed  vast 
numbers  of  minute,  very  delicate  cells,  completely  filling  the  sac 
The  sac  bursting  at  its  apex  when  mature,  the  delicate  vesicles 
are  discharged.  Each  of  these  contains  a  slender  filament,  thick- 
ened at  one  end  and  tapering  off  to  a  fine  point  at  the  other :  it  may 
be  seen  through  the  transparent  walls,  spirally  coiled  up  in  the  interior 
of  each  vesicle.  When  these  vesicles  are  extruded  in  water  under 
the  microscope,  the  contained  filaments  may  be  seen  to  execute  Uvely 
movements,  wheeling  round  and  round  in  the  vesicle,  or,  when  dis- 
engaged from  the  latter,  and  assuming  a  corkscrew  form,  at  the  same 
time  advancing  forward,  the  thin  end  of  the  filament  almost  always 
preceding.  Minute  observation,  which  is  very  difficult,  both  from 
the  rapidity  of  the  motion  (which,  however,  is  arrested  by  poisons) 
and  from  the  great  delicacy  of  the  whole  structure,  shows  that  the 
movements  arise  from  two  long  and  extremely  delicate  cilia,  attached 
to  the  tapering  end  of  the  filament.  These  are  the  spermatozoids, 
or  true  fertilizing  organs.  The  pistillidia  (Fig.  1306),  which  ap« 
pear  at  the  same  time  as  the  antheridia,  and  often  mixed  with  them, 
are  fiask-shaped  bodies  (like  an  ovary  in  shape),  with  a  long  neck 
(resembling  a  style),  composed  of  a  cellular  membrane.  The  neck 
is  perforated  by  an  open  canal,  leading  to  a  cavity  below,  at  the  base 
of  which  a  single  cell  is  the  germ  of  the  future  sporangium  or  spore* 
case.  Upon  this  the  spermatozoids,  or  spiral  filaments  of  the  an- 
theridia, act,  one  or  more  of  them  reaching  it  by  finding  their  way 
down  the  canal  of  the  pistiUidium.  Then  this  cell  commences  a 
special  development,  divides  into  two,  and  proceeds  by  ordinary  cell- 
multiplication  to  build  up  the  sporangium  or  capsule,  in  which  a 
countless  number  of  minute  spores  are  produced.  The  spores  of 
Mosses  are  formed  in  the  same  way  as  pollen-grains,  which  they 
much  resemble  in  structure,  being  single  cells  with  a  double  coat,  of 

29 


S^  MEFWODVCTWOfS  0 

V  v<li  die  nner  is  the  tme  oeD-walL  and  tlie  cater  a  sort  of  secre- 
tko  froBk  itL  In  gcnniiiatkxu  the  inner  or  proper  membmie  of  the 
5rore  svelkw  and  procmdesi*  fipom  anj  put  of  its  sor&oe  iaTcwaUj 
s;:u:i:ed.  a  tabclar  proeess.  which  Ibrafts  paiticions  as  it  elong^iles 
;i:>I  Vranches.  pTin^  fife  to  what  has  been  ^uMaSuOj  named  a  /»re>- 
r^c  }ryo^  or«  bec:er.  a  jpngginAif. —  a  mdimentair  planflet  toj  unlike 
a  3Iokf^  bet  c?^}l^eIJ  ie!f«ii&b!iBg  a  hrandied  Gonferva,  oonsisting^  as 
it  doe<«  B>^r^t y  of  lamJSed  thready  or  raw^  of  eells.  After  a  time 
certain  cells  of  its  Tarioits  branches^  taking  a  special  deYek^ment, 
proJnce  bads^  which  are  soon  coTered  with  a  toft  of  radimentaiy 
leaves^  and  grow  up  into  the  lea^  steaas  of  the  perfected  |JanL  Here 
a  single  spore — or  rather  a  pecnbar  transitoiT  plantlet  devekqped 
from  it  —  gi^es  rise  at  once  to  a  nambo'  of  indiTidnals,  And  in 
tVcnndation  it  is  not  the  spores  thcmaelves  that  are  fertiluEed,  bat 
a  ceU  whidi  br  its  devefepment  gir^  or^;in  to  a  spore-case,  and  this 
to  a  rast  nimiber  of  spores.* 

663.  FcrliliiilMi  If  I  Cdl  If  I  Pitthdtai,  w  pcoliar  gmiiafiii; 
Flailkt,  which  dcmpM  dcrri^p  iilt  i  PlaiL    This  most  exteaordi- 

narr  mode  of  fecundation  has  recentlr  beoi  discovered  in  the  Ferns 
and  other  of  the  higher  Cryptogamoos  orders.  Hie  fiuctification  of 
Ferns  consists  of  spore-cases  akme,  whidi  are  home  on  the  back, 
margins,  or  some  other  part  of  their  leaTes  (Fig.  1287—1294),  and 
are  filled  with  spores  resembling  those  of  Moses.  Since  Mosses  have 
long  been  known  to  have  organs  answering  in  function  to  stamens, 
as  well  as  those  answering  to  pistils^  and  since  Ferns  are  r^arded 
as  plants  of  higher  rank  than  Mosses,  their  antheridia  were  diligent- 
ly sought  f<Hr  npon  the  fructifying  plants,  hot  in  vain ;  and  botanists 
were  therefore  forced  to  the  miwiDing  conchision,  that  the  highest 
organized  of  Crrptogamoos  plants  were  asexoaL  Bnt  antheridia, 
essentially  like  those  of  Mosses,  have  been  at  length  detected,  not  npon 
the  mature  and  fructifying  plant,  but  upon  the  germinating  plantlet. 
The  germination  of  the  spores  c^  Ferns  had  long  since  been  ob- 
served. The  process  begins  in  the  same  manner  as  in  Mosses ;  but 
the  extremity  of  the  tubular  prolongation  of  the  spore,  converted 
by  partitions  into  a  row  ci  cells,  is  deTeloped  into  an  expanded,  leaf  - 
like body  (the  pro-embryo,  or  proikoBus  as  it  is  now  called),  which 


The  fbllest  account  is  by  Hofmeister,   VergiekkeHde   Vntersmi^mttgm  der 
rng,  Etttfahva^t  ^otd  ErucMbiliha^  Hokerer  Kryptagamai,  etc — Leipsic, 
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on  a  small  scale  resembles  a  frondose  Liverwort.  Upon  this  body, 
Kiigeli,  in  1844,  found  moving  spiral  filaments,  like  those  of  tlie  an- 
theridia  of  Mosses,  &c.  This,  as  Henfrey  remai'ks,  *^  seemed  to 
destroy  all  grounds  for  the  assumption  of  distinct  sexes,  not  only  in 
the.  Ferns,  but  in  the  other  Cryptogamia ;  for  it  was  argued  that  the 
existence  of  these  cellular  organs  producing  moving  spiral  filaments 
(the  so-called  spermatozoa)  upon  the  germinating  fronds,  proved  that 
they  were  not  to  be  regarded  as  in  any  way  connected  with  the 
reproductive  processes.  But  an  essay  published  by  the  Count 
Suminski  in  1848  totally  changed  the  face  of  the  question."  On 
the  under  side  of  the  delicate,  Marchantia-like,  germinating  frond, 
Suminski  found  a  number  of  cellular  organs  of  two  distinct  kinds, 
answering  to  antheridia  and  pistillidia.  The  former,  wliich  are  the 
more  numerous,  are  cells  elevated  on  the  surface  of  the  germinating 
frond,  in  the  cavity  of  which  are  foimed  other  cells,  filled  with 
minute  vesicles  containing  each  a  spiral  filament  coiled  up  in  its  in- 
terior. The  organ  bursts  at  its  summit,  and  discharges  the  vesicles 
in  a  mucilaginous  mass ;  the  spiral  filaments  moving  within  the 
vesicles  at  length  make  their  way  out  of  them  and  swim  about  in 
the  water.  These  filaments,  or  spermatozoids,  resemble  those  of 
Mosses,  but  are  flat  and  ribbon-like,  as  in  Chai*a,  and  possess  accord- 
ing to  Suminski  about  six,  according  to  Thuret  numerous  cilia,  by 
whose  vibrations  they  are  moved.  The  pistillidia,  if  they  may  be 
so  called,  are  rounded  cavities  in  the  cellular  tissue  of  the  same  body, 
opening  on  the  under  side,  in  the  bottom  of  which  is  a  single  glob* 
ular  cell,  from  which  the  future  growth  proceeds.  One  or  more  of 
the  active  spermatic  filaments,  liberated  by  the  bursting  of  the  an* 
theridia,  have  been  found  to  enter  the  open  pistillidium,  and  to  come 
to  rest  and  then  wither  away  in  contact  with  this  specialized  celL 
The  latter  now  develops  into  a  hud^  or  embryo,  as  it  may  perhaps 
be  termed,  which  grows  in  the  ordinary  way,  producing  an  abbrevi- 
ated axis,  sending  roots  downward  and  leaf  after  leaf  upwards ;  and 
so  producing  the  mature  Fern.*  And,  as  most  Ferns  are  perennial 
plants,  they  produce  year  afier  year  their  fructification  (consisting 

*  The  English  reader  is  referred  to  Henfrey's  Translation  of  Mohl's  Anatomy 
and  Physkioffy  of  the  Vegetable  CtU;  and  Henfrey's  Report  on  the  Reproduction 
and  supposed  Existence  of  Sexual  Organs  in  the  higher  Cryptogamous  Piants,  in  the 
Report  of  the  British  Association  for  the  Advancement  of  Science,  for  1851, 
reprinted  in  Silliman's  Journal,  Vol.  14  and  15 ;  from  which  the  above  account 
has  been  condensed. 
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merely  of  spores  in  spore-cases),  without  any  known  limit,  and  with- 
out any  other  fecundation  than  that  which  occurred  at  first  upon  the 
germinating  plandet 

664.  In  Ferns,  accordingly,  it  is  not  the  sporangium  that  is  fer- 
tilized, still  less  the  spores,  but  a  cell  of  a  peculiar  transitory  plant- 
let  formed  by  the  germination  of  a  spore.  This  cell  otherwise  will  not 
develop  at  all ;  but  when  thus  fecundated,  it  develops  like  a' bud,  and 
grows  into  a  plant  of  indefinite  longevity,  capable  of  fructifying  by  a 
true  parthenogenesis  (571)  throughout  its  long  existence.  This  is 
also  known  to  be  the  case  with  Equisetacese ;  and  the  Lycopodia- 
cesd  or  Club-Mosses  and  other  vascular  Cryptogamous  Plants  are 
thought  to  have  analogous  fecundation,  although  the  details  as  yet 
are  not  well  made  out. 


CHAPTER    XIII. 

OP  THE  SPONTANEOUS  MOVEMENTS  AND   VITALITY  OF  PLANTS. 

665.  The  facts  brought  to  view  in  the  preceding  chapter,  namely, 
that  either  the  spores  or  the  fertilizing  corpuscles  or  filaments  of 
most  Cryptogamous  plants  of  every  order  are  temporarily  endowed 
with  motivity,  naturally  raises  the  inquiry  whether  such  phenomena 
are  altogether  exceptional  in  the  vegetable  kingdom,  or  whether  the 
power  of  executing  movements  is  not  a  general  endowment  of  plants 
as  well  as  of  animals,  although  in  lesser  degree.  As  we  pass  in  re- 
view the  various  phenomena  exhibited  by  plants  in  this  respect,  and 
at  the  same  time  consider  that  self-caused  motion,  internal  or  exter- 
nal, or  the  faculty  of  directing  motion,  is  a  necessary  concomitant  of 
life,  we  shall  probably  arrive  at  the  conclusion,  that  this  surprising 
activity  of  the  microscopic  spores  and  spermatozoids  of  Cryptogamous 
plants  is  not  altogether  anomalous,  —  that  these  are  merely  more 
vivid  manifestations  of  a  power  which  they  share  with  ordinary  vege- 
tables, —  that  plants  are  endowed  with  life  no  less  really  than  ani- 
mals, —  that  the  distinction  between  plants  and  the  lower  animals  in 
this  respect  is  one  of  degree  rather  than  of  kind,  —  and  that  it  is  a 
characteristic  of  living  things  to  move. 
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666.  The  Special  DireetiODS  which  the  parts  of  all  plants  assume  are 
the  result  of  self-caused  movements,  although  such  movements  are 
mostly  much  too  slow  to  be  directly  observed.  Among  these  the 
most  universal  are  the  descent  of  the  root  in  germination,  the  ascent 
of  the  stem  into  the  light  and  air,  and  the  turning  of  branches  and 
the  upper  surface  of  leaves  towards  the  light  (120,  131,  294). 
These  directions  evidently  are  not  the  result  of  mere  growth.  It  is 
not  that  the  root  grows  downwards  and  ihe  stem  upwards ;  but  the 
root  end  of  the  elongating  radicle  bends  or  curves  in  the  coarse  of 
its  growth  so  as  to  point  downwards  if  not  already  in  that  position, 
and  the  other  extremity,  with  the  plumule,  curves  upwards,  and  the 
young  stem,  after  reaching  the  light,  if  unequally  illuminated,  bends 
towards  the  stronger  light. 

667.  Strenuous  attempts  have  been  made  to  explain  these  changes 
of  direction  upon  mechanical  principles.  Mr.  Knight  thought  that 
the  descent  of  the  root  and  the  ascent  of  the  stem  were  caused  by 
gravitation ;  and  he  seemed  to  show  this  by  his  celebrated  experi- 
ments of  removing  germinating  seeds  from  the  influence  of  gravita- 
tion, and  causing  the  root  and  stem  to  take  a  different  direction  in 
obedience  to  a  different  force.  He  fixed  some  beans  ready  to  ger- 
minate in  a  quantity  of  moss  upon  the  circumference  of  a  wheel,  and 
made  it  to  revolve  vertically  at  a  rapid  rate  ;  replacing  the  effect  of 
gravity  by  centrifugal  force.  On  examination,  after  some  days,  the 
young  root  was  found  to  have  turned  towards  the  circumference,  and 
the  stem  towards  the  centre  of  the  wheel.  The  same  result  took 
place  when  the  wheel  was  made  to  revolve  horizontally  with  con* 
siderable  rapidity ;  but  when  the  velocity  was  moderate,  the  roots 
were  directed  obliquely  downwards  and  outwards,  and  the  stems 
obliquely  upwards  and  inwards,  in  obedience  both  to  the  centrifugal 
force  and  the  power  of  gravitation,  acting  at  right  angles  to  each 
other.  It  remained  for  Mr.  Knight  to  explain  how  the  same  force, 
gravitation,  could  produce  such  opposite  effects,  causing  the  stem  to 
ascend  as  well* as  the  root  to  descend.  This  he  ingeniously  at- 
tributed to  their  different  mo^e  of  growth.  The  root  growing  at  its 
extremity  only,  he  supposed  that  the  soft  substance  of  the  growing 
point  would  be  acted  upon  by  gravity  like  an  imperfect  solid,  and 
accumulated  on  the  lower  side;  while  the  stem,  growing  by  the 
elongation  of  an  intemode  or  a  series  of  intemodes  already  formed,  its 
solid  tissues  would  be  unaffected  by  gravity,  which  could  affect  only 
its  nutritive  juices,  causing  their  accumulation  on  the  lower  side  of  a 

20* 
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Stem  out  of  the  perpendicular  line ;  which  side,  thus  more  actively 
nourished,  would  grow  more  vigorously  than  the  upper,  and  so  cause 
the  stem  to  turn  upwards*  To  show  how  baseless  this  ingenious 
hypothesis  is,  we  have  only  to  remember,  on  the  one  hand,  that  the 
fluid  contents  of  the  cells  of  plants  arrange  themselves  in  obedience 
to  other  forces  than  gravity,  and  freely  rise  against  its  influence  to 
the  summit  of  the  loftiest  trees,  so  that  gravity  could  establish  no 
difference  within  the  diameter  of  a  germinating  stem ;  and  on  the 
other,  that  the  root  in  germination,  if  fixed  upon  its  surface,  will  pen- 
etrate a  fluid  of  greater  weight  than  itself,  such  as  mercury.  More- 
over, Schultz  and  Mohl  have  shown  that,  by  careful  management  in 
reversing  the  ordinary  conditions,  —  as  by  germinating  seeds  in 
damp  moss,  so  arranged  that  the  only  light  they  could  receive  was 
reflected  from  a  mirror,  which  threw  the  solar  rays  upon  them  directly 
from  below,  —  the  ordinary  direction  of  the  organs  could  be  reversed, 
the  roots  turning  upwards  into  the  dark  and  damp  moss,  and  the 
stems  downward  into  the  light.  This  would  prove  that  light  has 
more  effect  than  gravitation,  or  any  other  imaginable  influence  of  the 
mass  of  the  earth.  Yet, —  what  shows  that  there  is  some  real  relation 
between  the  direction  assumed  by  the  plant  and  the  earth,  —  stems 
which  grow  in  complete  darkness  always  point  to  the  zenith,  as  is 
seen  in  the  shoots  of  vegetables  in  perfectly  dark  cellars,  and  in  the 
elongated,  constantly  upright  stemlet  of  geiminating  seeds  too  deeply 
buried  to  receive  any  light  before  they  reach  the  surface  of  the  soiL 

668.  The  influence  of  a  mass  in  some  way  analogous  to  attrac- 
tion is  also  observed  in  the  gei^mination  of  the  Mistletoe.  Its  form- 
ing root  turns  regularly  to  the  trunk  or  branch  upon  which  it  is 
parasitic,  just  as  those  of  ordinary  plants  turn  to  the  earth.  And 
that  it  is  the  mass  and  not  the  quality  of  the  body  which  determines 
the  direction,  is  seen  when  germinating  seeds  of  the  Mistletoe  are 
fixed  close  to  the  surface  of  a  cannon-ball :  all  the  roots  as  they 
grow  point  to  its  centre  and  advance  to  its  surface,  just  as  they  do 

* 

to  the  branch  of  a  tree  which  they  penetrate. 

669.  When  the  stem  has  emerged  from  the  earth  into  the  light  of 
day,  this  exerts  a  controlling  influence  over  its  direction.  Young 
and  green  stems  always  tend  to  expose  themselves  as  much  as  possi- 
ble to  the  light,  and  bend,  very  promptly  when  delicate,  towards  the 
most  illuminated  side,  as  is  well  observed  when  plants  are  raised  in 
an  apartment  lighted  from  a  single  aperture :  and  consequently  in 
the  open  air,  being  equally  illuminated  on  all  sides,  they  grow  up- 
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right.  De  Candolle  attempted  a  mechanical  explanation  of  this 
bending  of  green  stems  towards  the  light,  connecting  it  with  assimi- 
lation and  growth.  He  supposed  that,  as  the  side  upon  which  the 
light  strikes  will  fix  most  carbon  by  the  decomposition  of  carbonic 
acid  (346  -  348),  so  its  tissue  will  solidify  faster,  and  therefore  elon- 
gate less,  than  the  shaded  side  (which  will  become  drawrij  as  the 
gardener  terms  it)  ;  and  the  stem  or  branch  will  necessarilj  bend 
towards  the  shorter  or  illuminated  side.  But  when  the*  light  is 
equally  diffused  around  a  plant,  the  decomposition  of  carbonic  acid 
will  take  place  uniformlj  on  all  sides,  and  the  perpendicular  direc- 
tion naturally  be  maintained.  Two  facts  at  once  demolish  this  in- 
genious theory.  1.  It  is  now  well  known  that,  under  the  solar 
spectrum,  the  decomposition  of  carbonic  acid  in  the  green  parts  of 
plants  is  effected  chiefly  by  the  most  luminous  rays,  that  is,  by  yellow 
light,  and  next  to  this  by -orange  and  red;  whereas  the  bending  is 
strongest  under  the  violet  and  blue  rays,  the  yellow  producing  little 
curvature,  and  the  red  none  at  all.  2.  When  a  stem  curved  under 
the  light  is  split  from  the  apex  downwards,  so  as  to  separate  the 
illuminated  from  the  shaded  side,  the  former  curves  more  than  be- 
fore, while  the  latter  tends  to  straighten, —  showing  that  it  was 
pulled  over  by  the  contraction  of  the  concave  side,  and  not  pushed 
over  by  its  own  greater  growth.  From  all  this  it  clearly  appears 
that  the  turning  of  parts  towards  the  light,  and  the  other  special 
directions  of  plants,  are  independent  of  growth,  and  apparently  are 
effected  by  some  inherent  power.  At  least,  they  have  thus  far 
proved  no  more  susceptible  of  mechanical  explanation  than  the  more 
marked  movements  of  animals. 

670.  In  leaves  it  is  the  denser  and  deeper  green  upper  surface 
(262)  that  is  presented  t9  the  light,  while  the  paler  lower  surface,  of 
looser  tissue,  avoids  it.  The  recovery  of  the  natural  position,  when 
the  leaf  is  artificially  reversed,  is  the  more  promptly  effected  in  pro- 
portion to  the  difference  in  structure  and  hue  between  the  two  strata. 
This  movement  is  so  prompt  in  some  plants,  that  their  leaves  follow 
the  daily  course  of  the  sun.  The  leaf  is  more  capable  of  executing 
such  movements,  on  account  of  its  extended  surface,  and  its  pliancy, 
and  also  on  account  of  its  usual  attachment  by  an  articulation. 
Here  the  slender  vascular  bundles  oppose  little  resistance  to  lateral 
motion,  while  the  soft  and  usually  cellular  enlargement  favors  it. 
Indeed,  the  efficient  cause  of  the  movement  appears  to  be  exerted 
here,  and  to  be  connected  with  the  unequal  tension  or  turgescence  of 
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the  cells  on  the  two  sides.  We  might  therefore  expect  more  prompt 
and  obvious  changes  of  position  in  leaves  than  in  stems.  Familiar 
examples  of  the  kind  are  met  with  in  the  altered  nocturnal  position 
of  the  leaves,  &c  of  many  plants  (often  drooping,  or  folded  as  if  in 
repose),  which  Linnaeus  designated  by  the  fanciful  name  of 

671.  The  Slffp  of  Plants.  This  is  well  seen  in  the  foliage  of  the 
Locust  and  of  most  Leguminous  plants,  and  in  those  of  Oxalis,  or 
Wood-S<HTel.  It  is  most  striking  in  the  leaflets  of  compound  leaves. 
The  nocturnal  position  is  various  in  difllerent  species,  but  uniform  in 
the  same  species,  showing  that  the  phenomenon  is  not  mechanicaL 
Nor  is  it  a  passive  state,  for,  instead  of  drooping,  as  do  those  of  the 
common  Locust-tree,  the  leaflets  are  very  commonly  turned  upwards, 
as  those  of  Honey-Locust,  or  upwards  and  forwards,  as  in  the  Sensi- 
tive-Plant, contrary  to  the  position  into  which  they  would  fall  from 
their  own  weight  De  CandoUe  found  that  most  plants  could  be 
made  to  acknowledge  an  artificial  day  and  night,  by  keeping  them  in 
darkness  during  the  day,  and  by  illuminating  artificially  at  night 
The  sensibility  to  light  appears  to  reside  in  the  petiole,  and  not  in 
the  blade  of  the  leaf  or  leaflet ;  for  these  movements  are  similarly 
executed,  when  nearly  the  whole  surface  of  the  latter  is  cut  away. 

672,  The  leaves  of  the  blossom  also  assume  various  positions, 
according  to  the  intensity  and  duration  of  the  light  Many  expand 
their  blossoms  in  the  morning  and  close  them  towards  evening, 
never  to  be  opened  again,  as  those  of  Cistus,  Portulaca,  and  Spider- 
wort  ;  while  others,  like  the  Crocus,  close  when  the  sun  is  with- 
drawn, but  expand  again  the  following  morning.  On  the  other  hand, 
the  Evening  Primrose,  Silene  noctiflora,  &c.  unfold  their  petals  at 
twilight,  and  close  at  sunrise.  The  White  Water-Lily  (Nymphaea) 
expands  in  the  full  light  of  day,  but  uniformly  closes  near  the  mid- 
dle of  the  afternoon,  and  is  then  usually  withdrawn  beneath  the  sur- 
face of  the  water.  The  Moming-Glory  opens  at  the  dawn;  the 
Lettuce,  and  most  Cichoraceous  plants,  a  few  hours  later,  but  close 
under  the  noonday  sun ;  the  Mirabilis  is  called  Four-o'clock,  because 
opening  nearly  at  that  hour  in  the  afternoon,  and  it  closes  the  next 
morning ;  and  so  of  other  species,  —  each  having  its  own  hour  or 
amount  of  light  in  which  its  blossoms  open  or  close.  Berthelot  men- 
tions an  Acacia  at  TenerifTe,  whose  leaflets  regularly  close  at  sunset 
and  unfold  at  sunrise,. while  its  flowers  dose  at  sunrise  and  unfold 
at  sunset.  Although  these  movements,  both  in  leaves  and  blossoms, 
are  undoubtedly  dependent  on  the  light,  they  are  by  no  means  directly 
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goyerned  hj  it  The  so-called  sleep  of  the  common  Sensttire  Plant, 
for  instance,  begins  just  before  sunset,  but  its  waking  frequently  pre- 
cedes the  dawn  of  day ;  showing  that  it  is  not  the  mere  amount  of 
the  light  which  governs  the  position,  in  the  manner  of  a  mechanical 
power.* 

678.  SemiUe  HoTcmsnts  from  IrritBlioB.  All  the  changes  of  posi- 
tion already  described  —  like  those  of  the  hands  of  a  clock  or  of 
the  shadow  on  a  dial — are  too  slow  for  the  motion  to  be  directly 
seen.  But  a  greater  exaltation  apparently  of  this  common  fiiculty 
is  observed  in  the  leaflets  of  various  Leguminous  plants,  especially 
of  the  Mimosa  tribe,  which,  when  roughly  touched,  assume  their 
peculiar  nocturnal  position,  or  one  like  it,  by  a  visible  and  sometimes 
a  rapid  movement.  The  Sensitive  Plant  of  the  gardens  (Mimosa 
pudica)  is  a  familiar  instance  of  the  kind,  suddenly  changing  the 
position  oC  its  leaflets  on  being  touched  or  jarred,  and  applying 
them  one  over  the  other  close  upon  the  secondary  petiole ;  if  more 
strongly  irritated,  the  secondary  petioles  also  bend  forward  and 
approach  each  other,  and  the  general  petiole  itself  sinks  by  a  bend- 
ing at  the  articulation  with  the  stem.  Similar  although  less  vivid 
irritability  is  shown  by  the  Mimosa  strigillosa  and  the  Schrankia  of 
the  Southern  States,  where  the  leaflets  promptly  fold  up  when 
brushed  with  the  hand.  The  most  remarkable  instance  of  the  kind, 
however,  is  presented  by  another  native  plant  of  the  United  States, 
the  Dionaea  muscipula,  or  Yenus's  Fly-trap  (Fig.  297,  298) ;  in  which 
the  touch  even  of  an  insect,  alighting  upon  the  upper  surface  of  the 
outspread  lamina,  causes  its  sides  to  close  suddenly,  the  strong 
bristles  of  the  marginal  fringe  crossing  each  other  like  the  teeth  of 
a  steel-trap^  and  the  two  surfaces  pressing  together  with  considerable 
force,  so  as  to  retain,  if  not  to  destroy,  tlie  intruder,  whose  struggles 
only  increase  the  pressure  which  this  animated  trap  exerts.  This 
most  extraordinary  plant  abounds  in  the  damp,  sandy  savannas  in 
the  neighborhood  of  Cape  Fear  Biver,  from  Wilmington  to  Fayette^ 
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*  The  odors  of  flowers,  also,  are  sometimes  giTcn  off  continaalty,  as  in  the 
Orange  and  the  Violet,  or  flowers  may  nearly  lose  their  fragrance  doring  the  heat 
of  mid-day,  as  in  most  cases ;  while  others,  such  as  Pelargoniom  triste,  Hesperif 
tristis,  and  most  dingy  flowers,  which  are  almost  scentless  daring  the  day,  ex- 
bale  a  powerful  fragrance  at  night.  The  night-flowering  Cereus  grandifloms 
emits  its  powerful  fragrance  at  intervals;  sudden  emanations  of  odor  being 
giren  off  about  erery  quarter  of  an  hour,  during  the  brief  period  of  tho  expan* 
sion  of  the  flower. 


846  SPONTANEOUS   MOVEMENTS   IN  PLANTS; 

yille,  North  Carolina,  where  it  is  exceedingly  abundant ;  but  it  is 
not  elsewhere  found* 

674.  A  familiar,  although  less  striking,  instance  of  the  same  kind 
is  seen  in  the  stamens  of  the  common  Barberry,  which  are  so  excit- 
able, that  the  filament  approaches  the  pistil  with  a  sudden  jerk,  when, 
touched  with  a  point,  or  brushed  by  an  insect,  near  the  base  on  the 
Inner  side.     The  object  of  this  motion  seems  plainly  to  be  the  dis- 

*  lodgement  of  the  pollen  from  the  cells  of  the  anther,  and  its  projec- 
tion upon  the  stigma.  But  in  the  Dionsea  it  is  difficult  to  conceive 
what  end  is  subserved  by  the  capture  of  insects.  Li  a  species  of 
Stylidium  of  New  Holland,  not  uncommon  in  conservatories,  the 
column,  consisting  of  the  united  stamens  and  styles,  is  bent  over  to 
one  side  of  the  corolla ;  but  if  slightly  irritated,  it  instantly  springs 
over  to  the  opposite  side  of  the  f  ower.  These  are  among  the  more 
remarkable  cases  of  the  kind,  but  by  no  means  the  <xily  ones. 
Anatomical  investigation  brings  to  view  no  peculiarity  in  the  struc- 
ture of  such  plants  which  might  explain  these  movements.  Some 
other  movements,  which  have  been  likened  to  these,  are  entirely 
mechanical ;  as  that  of  the  stamens  of  Kalmia,  where  the  ten  an- 
thers are  in  the  bud  received  into  as  many  pouches  of  the  mono- 
petalous  corolla,  and  are  carried  outwards  and  downwards  when  the 
corolla  expands.  In  this  way  the  slender  filaments  are  strongly  re- 
curved, like  so  many  springs  ;  until  at  length,  when  the  anthers  are 
liberated  by  the  fuU  expansion  of  the  corolla,  or  by  the  touch  of  a 
large  insect  or  other  extraneous  body,  they  fly  upwards  elastically, 
projecting  a  mass  of  pollen  in  the  direction  of  the  stigma. 

675.  The  twining  of  stems  round  a  support,  and  the  coiling  of 
tendrils,  are  attributed  by  Mohl  to  a  dull  irritability ;  and  this  is  the 
most  plausible  explanation  that  has  been  offered.  The  inner  side, 
which  becomes  concave  and  has  smaller  cells,  is  in  this,  as  in  other 
cases,  the  irritable  portion.  When  a  foreign  body  is  reached,  a 
contraction  of  this  side  causes  the  tendril  partially  to  embrace  the 
support:  this  brings  the  portion  just  above  into  contact  with  it, 
which  is  in  like  manner  incited  to  curve ;  and  so  the  hold  is  secured, 
or  the  twining  stem  continues  to  wind  around  the  support  In  ten- 
drils this  irritability,  propagated  downward  along  the  concave  side, 
would  appear  to  cause  its  contraction,  which  throws  the  whole  into 
a  spiral  coil,  or,  when  fixed  at  both  ends,  into  two  opposite  spiral 
coils,  thus  approximating  the  growing  stem  to  the  supporting 
body. 
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676.  In  all  these  cases,  whether  of  slow  or  rapid  change  of  posi- 
tion, the  immediate  cause  of  the  movement,  however  incited,  must 
be  either  the  shortening  of  the-  cells  on  the  concave  side,  or  their 
elongation  on  the  convex  side.  The  fact  that  stems  curved  towards 
the  li^t  tend  to  curve  still  more  when  the  convex  side  is  cut 
awaj  (669)  points  to  a  contraction  of  the  cells  on  the  concave  side 
as  the  cause  of  the  curvature.  The  elasticallj  bursting  pods  of  the 
Balsam  or  Touch<4ne-not  (Impatiens),  &c.  confirm  this  view.  Here 
the  valves  of  the  capsule  curve  inwards  very  strongly  when  liber- 
ated in  dehiscence ;  and  that  this  is  owing  to  the  shortening  of  the 
cells  of  the  inner  layer,  and  not  to  the  enlarg^nent  or  tui^escence  of 
those  of  the  thick  outer  layer,  is  readily  shown  by  gently  paring 
away  the  whole  outer  portion  before  dehiscence  ;  for  the  inner  layer 
when  Hberated  still  incurves  and  rolls  itself  up  as  strongly  as  before. 
The  short  valves .  at  the  summit  of  the  pod  of  Echinocystb  slowly 
curve  outwards  in  dehiscence ;  here  the  cells  of  the  outer  layer  of 
the  valve  are  longer  and  narrower  than  those  of  the  inner,  and 
the  latter  are  stretched  and  torn  in  opening ;  so  that  here  the  con- 
traction of  the  cells  on  the  side  which  becomes  concave  is  undoubt- 
edly the  cause  of  the  movement.  And  since  muscular  movements 
are  effected  by  the  contraction  of  the  cells  which,  placed  end  to  end, 
compose  a  muscular  fibril,  we  may  suspect  that  vital  movements 
generally,  both  in  vegetables  and  in  animals,  are  so  far  analogous, 
that  they  are  brought  about  in  the  same  general  way,  viz.  by  the 
shortening  of  cells.  Even  the  opening  and  closing  of  the  stomata 
of  the  leaves  (268 )  appear  to  be  controlled  by  the  vital  force,  and 
to  be  effected  by  a  self-caused  change  in  the  form  of  the  guardian 
cells.  How  the  light,  or  external  irritation,  or  any  other  influence, 
acts  in  inciting  this  change  of  form  of  the  cells  of  some  part  of  a 
plant,  >we  know  no  more,  and  no  less,  than  we  know  how  a  nerve,  or 
an  electrical  current,  acts  upon  a  muscle  of  an  animal  to  bring 
about  the  contraction  or  change  of  shape  of  its  component  cells. 
If  animals  make 

677.  Spontaneous  or  Antomatie  lovements,  so  also  do  some  plants 

execute  brisk  and  repeated  movements  irrespective  of  extraneous 
force,  or  even  of  extraneous  excitation,  and  which,  indeed^  are  ar- 
rested by  the  touch.  An  instance  of  such  spontaneous  and  contin- 
ued motion,  of  the  most  remarkable  kind,  is  furnished  by  the  trifoli- 
(date  leaves  of  Desmodium  gyrans,  an  East-Indian  Leguminous  plant. 
The  terminal  leaflet  does  not  move,  except  to  change  fixnn  the 
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diumal  to  the  nocturnal  position,  and  the  contrary ;  hut  the  lateral 
ones  are  continually  rising  and  falling,  hoth  day  and  night,  hy  a  suc- 
cession of  little  jerks,  like  the  second-hand  of  a  time-keeper  ;  the 
<Mie  rising  while  the  other  falls.  .  Exposure  to  cold,  or  cold  water 
poured  upon  the  plant,  stops  the  motion,  which  is  immediately  re- 
newed by  warmth.  The  late  Dr.  Baldwin  is  said  by  Nuttall  to 
have  witnessed  the  same  thing  in  our  own  Desmodium  cuspidatum, 
in  Georgia;  but  the  observation  has  never  been  confirmed.  In 
several  tropical  Orchideons  plants,  and  especially  in  a  species  of 
Megaclinium,  the  lower  petal,  or  laheUum^  executes  sinular  spontane- 
ous movements,  with  great  freedom  and  pertinacity.  Such  phenom- 
ena, occurring  as  they  do  in  Phsenogamous  plants  of  ordinary  struc- 
ture may  serve  to  render  more  credible  the  true  vegetable  charaet^ 
of  the 

678.  Free  loTementi  of  the 

Spom  of  AigS,  and  the  cor- 
puscles or  spiral  filaments  of 
the  antheridia  of  most  Cryp- 
togamous  plants,  already  re- 
ferred to  (659  -  663).  The 
spores  of  most  of  the  lower 
Algae  are  now  known  to  ex- 
hibit this  peculiar  activity 
at  the  time  of  their  dischai^ 
from  the  parent  cell,  when, 
for  some  moments,  or  usual- 
ly for  several  hours,  they 
t>ehave  like  infusory  ani- 
mals, executing  spontaneous 
movements  in  the  water, 
until  they  are  about  to  ger- 
minate. This  singular  move- 
ment was  first  detected  many 
years    ago    in    Yaucheria 

FIG.  699.  Fxuiting  end  of  a  plant  of  Vavelieria  geniiiiata  Rafter  Thoret) ;  one  of  lh« 
branches  still  containing  its  spore.  687.  Moving  spore  just  escaped  from  the  apex  of  tba 
other  branch  ;  the  ciliary  apparatus  seen  oyer  the  whole  surf)M».    638.  Spore  in  germination. 

FIG.  6S9-642.  Snecesslre  steps  in  tha  germination  of  CBdogoniom  (Oonferra)  fcsksata. 
043.  The  plant  dfiTeloped  into  a  series  of  cells,  four  of  which  display  the  sueoessiTe  steps  in  the 
formation  of  a  spora.  644.  The  locomotire  spore  with  its  vibratile  cilia  (copied  fnm  Thoret). 
When  the  movement  ceases,  and  it  begins  to  germinate,  It  appears  as  in  639.  (The  antheridia 
or  fertiUsiog  apparatus  of  these  plants  weie  not  imowa  when  these  flgmes  vwa  made.) 


^■-^■r-  1^    ^— •• 


SPONTANEOUS   MOTEMRKTS   IN   PLANTS.  849 

(Fig.  89,  636).  Immediately  <m  its  discharge  from  the  mother 
plant  the  spore  begins  to  move  freely  in  the  water,  and  continues  to 
do  so  for  s<mie  hours,  when  it  fixes  itself  and  begins  to  grow  (Fig. 
638).  Its  movements,  moreover,  like  those  of  the  antheridial  fila- 
ments or  corpuscles,  maj  be  enfeebled  or  arrested  by  the  application 
of  a  weak  soluti<m  of  opium  or  chloroform.  Through  these  means 
it  has  been  ascertained  that  they  are  caused  by  the  vibrations  of 
minute  cilia  wliich  cover  the  surface,  which  are  rendered  visible 
by  thus  enfeebling  their  movement,  and  which  exhibit  the  closest 
resemblance  to  the  vibratile  cilia  of  animals,  especially  those  of  the 
polygastric  animalcules.  In  the  Conferva  tribe  generally  the  vibra- 
tile cilia  occupy  one  end  of  the  spore,  and  are  in  some  cases  numer- 
ous (as  in  Fig.  644),  in  others  only  two  or  three  in  number.  The 
spores  are  small,  and  of  about  the  same  specific  gravity  as  the  water 
in  whiiph  they  live,  so  that  a  slight  force  suffices  to  propel  them. 

679.  Locomotion  of  Adatt  licroioopie  Pianti.    The  spores  of  Vau- 

cheria  and  the  like,  becoming  quiescent  before  germination,  grow 
into  fixed  thread-like  plants  of  considerable  size,  endowed  with  no 
greater  degree  of  motivity  than  ordinary  vegetables.  A  multitude 
of  still  simpler  Algae,  however,  swarm  in  every  pool  or  stream,  so 
minute  in  size  as  to  be  individually  totally  invisible  to  the  naked 
eye  (most  of  them  when  fiill  grown  are  very  much  smaller  than  the 
spores  of  Yaucheria,  &c.)  ;  and  these  are  endowed,  even  at  maturity, 
with  such  powers  of  locomotion  that  their  vegetable  character, 
although  now  well  made  out,  was  long  in  question  on  this  account 
alone.  Of  this  kind  are  the  various  species  of  Osdllaria  (Fig.  84), 
so  named  from  the  writhing  movement  they  exhibit,  the  Desmidi- 
acese,  to  which  Closterium  (Fig.  631)  belongs,  and  the  nearly 
allied  Diatomace8e,--^the  lowest,  minutest,  and  the  most  freely 
moving  of  plants,  but  clearly  members  of  the  vegetable  kingdom 
notwithstanding.  These  execute  free  movements  of  translation,  in 
some  cases  slow,,  in  others  rapid;  but  the  mechanism  of  the  motion 
is  still  unknown* 

680.  Not  only,  therefore,  do  plants  generally  manifest  impressi- 
Inlity  or  senntivenesg  to  external  agents,  and  execute  more  or  less 
decided,  though  slow,  movements ;  but  many  species  of  the  higher 
grades  exhibit  certain  vivid  motions,  either  spontaneous  or  in  conse- 
quence of  extraneous  irritation  ;  while  the  lowest  tribes  of  aquatic 
plants,  as  they  diminish  in  size  and  in  complexity  of  organization, 
habitually  execute,  at  some  period  at  least,  varied  spontaneous  move- 
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ments,  which  we  are  unable  to  distinguish  in  character  from  those  of 
the  lowest  animals..  It  is  at  their  lowest  confines,  accordingly,  that 
the  vegetable  and  the  animal  kingdoms  approach  or  meet,  and  even 
seem  to  blend  their  characters. 

681.  When  we  consider  that  the  excitability  of  sensitive  plants 
is  often  transmitted,  as  if  by  a  sort  of  sympathy,  from  one  part  to 
another;  that  it  is  soon  exhausted  by  repeated  excitation  (as  is 
certainly  the  case  in  Dionasa,  the  Sensitive-Plant,  &c.),  to  be  re- 
newed only  after  a  period  of  repose ;  that  all  plants  require  a 
season  of  repose ;  that  they  consume  their  products  and  evolve  heat 
under  special  circumstances  with  the  same  results  as  in  the  animal 
kingdom  (Chap.  VII.)  ;  that,  as  if  by  a  kind  of  instiAct,  the  various 
organs  of  the  vegetable  assume  the  positions  or  the  directions  most 
favorable  to  the  proper  exercise  of  their  functions  and  the  supply  of 
their  wants,  to  this  end  surmounting  inter^'ening  obstacles ;  when 
we  consider  in  this  connection  the  still  more  striking  cases  of  spon- 
taneous nK>tion  that  the  lower  Algae  exhibit;  and  that  all  these 
motions  are  anfested  by  narcotics,  or  other  poisons, — the  narcotic 
and  acrid  poisons  even  producing  effects  upon  vegetables  respectively 
analogous  to  their  different  effects  upon  the  animal  economy ;  we 
cannot  avoid  attributing  to  plants  a  vitality  and  a  power  of  **  making 
movements  tending  to  a  determinate  end,"  not  different  in  nature, 
perhaps,  from  those  of  the  lowest  animals.  Probably  life  is  essen- 
tially the  same  in  the  two  kingdoms  ;  and  to  vegetable  life  Acuities 
are  superadded  in  the  lower  animals,  some  of  which  are  here  and 
there  not  indistinctly  foreshadowed  in  plants. 

682.  The  essential  differences  between  plants  and  animals  were 
enumerated  at  the  commencement  of  this  work  (16),  and  have  been 
illustrated  in  its  progress.  Distinct  as  are  the  general  structure 
and  the  offices  of  the  two  great  kinds  of  organized  beings,  it  is  still 
doubtful  whether  the  discrimination  is  absolute,  or  whether  the 
functions  of  the  vegetable  and  the  animal  may  not,  in  some  micro- 
scopic organisms,  l^  imposed  upon  the  same  indivlal. 
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683.  In  the  preceding  chapters  plants  have  been  considered  in 
view  of  their  structure  and  action.  And  when  different  plants  hare 
been  referred  to  and  their  diversities  noticed,  it  has  been  in  eluci- 
dation of  their  morphology, — of  the  exuberantly  varied  forms  or 
modifications  under  which  the  simple  common  plan  of  vegetation  is 
worked  out,  as  it  were,  in  rich  detail.  The  vegetable  kingdom,  that 
is,  vegetation  taken  as  a  great  whole,  presents  to  our  view  an  im- 
mense number  of  different  kinds  of  plants,  more  or  less  resembling 
each  other,  more  or  less  nearly  related  to  each  other.  It  is  the 
object  of  Systematic  Botany  to  treat  of  plants  as  members  of  a 
system,  or  orderly  parts  of  a  whole,  —  and  therefore  to  consider 
them  (u  to  their  kinds,  marked  by  differences  and  resemblances,  and 
to  contemplate  the  relations  which  the  kinds,  or  individual  members 
of  the  great  whole,  sustain  to  each  other.  To  this  end  the  botanist 
classifies  them,  so  as  to  exhibit  their  relationships,  or  degrees  of 
resemblance,  and  expresses  these  in  a  systematic  arrangement  or 
ekunficatian, — designates  them  by  appropriate  appellations,  and 
distinguishes  them  by  clear  and  precise  descriptions  in  scientific  lan- 
guage ;  so  that  not  only  may  the  name  and  place  in  the  system,  the 
known  properties,  and  the  whole  history  of  any  given  plant,  be  read- 
ily and  surely  obtained  by  the  learner,  but  likewise  an  interesting 
view  may  be  obtained  of  the  general  scheme  or  plan  of  the  Cre- 
ator in  the  Vegetable  World. 

684.  Our  present  endeavor  will  be  to  explain  the  general  prin- 
ciples of  natural-history  classification,  and  the  foundation,  or  facts 
in  nature,  upon  which  it  rests,  and  then  cursorily  to  show  how  these 
are  applied  to  the  actual  arrangement  of  the  known  species  of 
plants. 
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CHAPTER    I. 

OF  THE  PBINCIPLBS  OP  CLASSIFICATION. 

68«5.  Plants  and  animals  —  the  members  of  the  organic  king- 
doms of  nature  —  exist  as  indimduaU  (13),  of  definite  kinds,  each 
endowed  with  the  characteristic  power  of  producing  like  individuals 
and  so  of  continuing  the  succession.  The  different  sorts  (1.)  are  re- 
produced true  to  their  essential  characteristics  from  generation  to 
generation  ;  and  (2.)  they  exhibit  unequal  and  very  various  degrees 
of  resemblance  or  of  dissimilarity  among  themselves.  These  simple 
propositions  lie  at  the  foundation  of  all  classification  and  system  in 
natural  history.  Upon  the  first  rests  the  idea  of  species  ;  upon  the 
second  that  of  genera,  orders^  and  all  groups  higher  than  species. 

686.  IndiTidnab.  The  idea  of  individuality  is  derived  from  man 
and  ordinary  animals,  and  thence  naturally  extended  to  vegetables. 
Individuals  are  beings,  owing  their  existence  and  their  characteris- 
tics to  similar  antecedent  beings,  and  composed  of  parts  which 
totgeiher  constitute  an  independent  whole,  indivisible  except  by  ma<* 
tilation.  Individuality  is  perfectly  exemplified  in  all  the  higher  and 
most  of  the  lower  animals,  which  multiply  by  sexual  propagation 
only,  and  in  which  the  offspring,  or  the  ortim,  early  separates  from 
the  parent ;  but  it  is  incompletely  realized  in  those  animals  of  the 
lower  grade  which  are  propagated  by  buds  or  ofishoots  as  well  as 
by  ova,  and  where  the  offspring  may  remain  more  or  less  intimatefy 
connected  with  the  parent.  Still  more  is  this  so  in  plants,  which 
in  every  grade  are  or  may  be  propagated  by  buds  or  offshoots ; 
which  in  vegetation  develop  an  indefinite  number  of  similar  parts  ; 
which  produce  branches  like  the  parent  plant,  and  capable  either  of 
continuing  to  grow  in  connection  with  it,  or  of  becoming  independent 
(232).  The  individual  plant,  therefore,  .is  evidently  not  a  simple 
and  true  individual  in  the  proper  sense  of  the  word,  —  in  the  sense 
that  an  ordinary  animal  is.  A  kind  of  social  or  corporate  individu- 
ality in  the  complex  radiat«d  animals  oflen  gives  a  certain  limita- 
tion and  shape  to  the  congeries  or  polypidomj  and  m  many  of  them 
even  subordinates  certain  parts  to  the  common  whole,  assigning  to 
them  special  functions  for  the  common  weal :  and  this  is  universally 
and  more  strikingly  the  case  with  plants,  except  the  very  simplest, 
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So  that  for  practical  purposes,  and  in  a  loose,  general  sense,  we 
take  the  whole  plant  as  an  individual,  so  long  as  it  forms  one  con- 
nected mass,  and  no  longer.  But  in  a  philosc^hical  view  we  cannot 
well  regard  this  congeries  as  the  true  vegetable  individuaL 

687.  Accordingly  many  botanists  (of  whom  are  Thouars  at  the  \ 
beginning  of  the  present  century,  and  Braun  *  at  the  present  day) 
regard  as  the  true  individual  the  shoot,  or  simple  axis  with  its  foli- 
age, &e^  whether  this  be  the  primary  stem  with  its  roots  implanted 
in  the  soil,  or  a  branch  implanted  on  the  stem.  This  view  simpli- 
fies our  conception  of  a  vegetable,  but  is  itself  open  to  all  the  ol^ec- 
tions  it  raises  against  the  individuality  of  the  plant  as  a  whole.  For 
just  as  the  herb,  shrub,  or  tree  is  divisible  into  shoots  or  series  of 
similar  axes,  so  the  shoot  is  divisible  into  similar  component  parts, 
or  phytons  (163),  indefmitely  repeated,  and  which  may  equally  give 
rise  to  independeht  plants.  Those  philosophical  naturalists,  there- 
fore, who  find  no  stable  ground  in  this  position,  are  forced  towards 
one  of  two  opposite  extremes.  Some,  justly  viewing  sexual  repro- 
duction as  of  the  highest  import,  are  led  to  regard  the  whole  vege- 
tative product  of  a  seed  as  theoretically  constituting  one  individual, 
whether  the  successive  growths  remain  united,  or  whether  they  form 
a  thousand  or  a  million  of  vegetables,  as  may  oflen  happen.  Ac- 
cording to  this  view,  all  the  Weeping-Willow  trees  of  this  country 
are  parts  of  one  individual ;  and  most  of  our  Potato  plants  must  be- 
long to  one  multitudinous  individual,  while  others  wholly  similar,  but 
freshly  grown  from  seed,  are  each  individuab  of  themselves ;  —  a 
view  which  apparently  amounts  to  an  absurdity  in  terms  and  in  fact. 
Others,  following  out  the  idea  mentioned  above,  and  laying  the  main 
stress  upon  simplicity  and  indivisibility,  rather  than  upon  tendency 
to  separation,  regard  the  phyton  in  ordinary  plants,  and  the  cell  in 
those  of  lowest  grade,  as  on  the  whole  best  answering,  in  the  vege- 
table kingdom,  to  the  simple  individual  in  the  animaL  But  this  is 
merely  a  question  of  greater  or  less  analogy.  For  the  individual,  in 
the  proper  sense  of  the  term,  is  more  or  less  confluent  into  a  vegeta- 
tive cycle  in  all  plants,  and  in  many  of  the  lower  animals,  and  attains 
full  realization  only  in  the  higher  grades  of  organized  existence* 


'*  See  his  elaborate  treatise,  On  the  Vegetable  Individual  in  its  Relation  to  Species 
(of  which  a  translation  from  the  German,  by  C  F.  Stone,  was  published  in  the 
American  Journal  of  Science  and  the  Arts,  vols.  19  and  20,  1855),  for  the  com- 
pletest  development  of  tliis  view,  and  for  tlra  history  of  the  subject  generally. 
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688.  But,  whatever  it  may  be  which  we  practically  or  philosophi- 
cally regard  as  the  vegetable  individual,  it  is  evident  that  plants  as 
well  as  animals  occur  in  a  continued  succession  of  organisms  or 
beings  which  stand  in  the  relation  of  parent  and  oi&pring.  Each 
particular  sort  is  a  chain,  of  which  the  individuals  are  the  links. 
To  this  chain,  or  (as  expressed  by  Linnseus)  this  perennial  succes- 
sion of  individvaUj  the  natural-historian  applies  the  name  of 

689.  SpfCiei  (14).  Every  one  knows  that  the  several  sorts  of 
plants  and  animals  steadily  reproduce  themselves,  or,  in  other  words, 
keep  up  a  succession  of  essentially  similar  individuals,  and  under 
favorable  circumstances  increase  their  numbers.  Each  particular 
kind  of  cultivated  plant  or  domesticated  animal  is  represented  before 
our  eyes  in  a  mass  of  individuals,  which  we  know  from  observation 
to  a  certain  extent,  and  from  necessary  inference,  have  sprung 
from  the  same  stock.  And  common  observation  has  led  people 
everywhere  to  expect  that  the  different  sorts  will  continue  true  to 
their  kind,  or  at  least  to  conclude  that  the  different  sorts  of  plants 
or  of  animals  do  not  shade  off  one  into  another  by  insensible  grada- 
tions, like  the  colors  of  the  rainbow,  as  would  have  been  the  case  if 
there  were  not  distinct  kinds  at  the  beginning,  and  if  their  distinc- 
tions were  not  kept  up,  unmingled,  and  transmitted  essentially  un- 
altered, from  generation  to  generation.  So  we  naturally  assume  that 
the  Creator  established  a  definite,  although  a  vast,  number  of  types 
or  sorts  of  plants  and  animals,  and  endowed  them  with  the  faculty 
of  propagation  each  after  its  kind ;  and  that  these  have  so  continued 
unchanged  in  all  their  essential  characteristics.  Out  of  these  gen- 
eral observations  and  conceptions  the  idea  of  species  must  have  origi- 
nated ;  from  them  we  deduce  its  scientific  definition.  Namely,  that 
the  species  is,  abstractly,  the  type  or  original  of  each  sort  of  plant, 
or  animal,  thus  represented  in  time  by  a  perennial  succession  of  like 
individuals,  or,  concretely,  that  it  is  the  sum  of  such  series  or  con- 
geries of  individuals ;  and  that  all  the  descendants  of  the  same  stock, 
and  of  no  other,  compose  one  species.  And,  conversely,  as  we  can 
never  trace  back  the  genealogy  far,  we  naturally  infer  community 
of  origin  from  fraternal  resemblance ;  that  is,  we  refer  to  the  same 
species  those  individuals  which  are  as  much  alike  as  those  are 
which  we  know  to  have  sprung  from  the  same  stock.* 

*  We  use  the  word  stock  advisedly,  (and  in  one  of  its  proper  meanings,  that 
of  the  original  or  originals  Qf  a  lineage,)  to  avoid  the  assertion  or  denial  of  the 
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690.  Specific  identity  is  not  of  course  inferred  from  every  strongly 
marked  resemblance ;  for  the  resemblance  may  be  only  that  of  genus, 
and  individuals  so  related  are  inferred  not  to  have  had  a  conmion 
origin.  Nor  is  it  denied  on  account  of  every  difference ;  for  individu- 
als of  the  same  stock  may  differ  considerably ;  in  fact,  no  two  plants 
are  exactly  alike,  any  more  than  two  men  are.  Such  differences 
when  they  become  distinctly  marked  give  rise  to 

691.  Varieties.  If  two  seeds  from  the  same  pod  are  sown  in  dif- 
ferent soils,  and  submitted  to  different  conditions  as  respects  heat, 
light,  and  moisture,  the  plants  that  spring  from  them  will  show 
marks  of  this  different  treatment  in  their  appearance.  Such  differ- 
ences are  continually  arising  in  the  natural  course  of  things,  and  to 
produce  and  increase  them  artificially  is  one  of  the  objects  of  culti- 
vation. Such  variations  in  nature  are  transient;  the  plant  oflen 
outlasting  the  cause  or  outgrowing  its  influence,  or  else  perishing 
from  the  continued  and  graver  operation  of  the  modifying  influ- 
ences. But  in  the  more  marked  varieties  which  alone  deserve 
the  name,  the  cause  of  the  deviation  is  occult  and  constituticmal ;  the 
deviation  occurs  we  know  not  why,  and  continues  throughout  the 
existence  and  growth  of  the  herb,  shrub,  or  tree,,  and  consequently 
through  aU  that  proceeds  from  it  by  propagation  from  buds,  as  by  off- 
sets, layers,  cuttings,  grafts,  &c.  In  this  way  choice  varieties  of  Ap- 
ples, Pe«^,  Potatoes,  and  the  like,  are  multiplied  and  perpetuated. 

692.  Since  the  progeny  inherits  or  tends  to  inherit  all  the  char- 
acters and  properties  of  the  parent,  constitutional  varieties  must  have 
a  tendency  to  be  reproduced  by  seed,  —  a  tendency  which  might 
oflen  prevail,  witliin  certain  limits,  over  that  general  influence  which 
would  remind  the  variety  to  the  normal  state,  were  it  not  for  the 
commingling  which  so  commonly  occurs  in  nature,  through  the  cas- 
ual fertilization  of  the  ovules  of  one  individual  by  the  pollen  of  other 
individuals  of  the  same  species.     By  assiduously  pursuing  the  oppo- 


origin  of  each  species  from  a  single  individual  or  a  single  pair, — a  question 
whibh  science  does  not  furnish  grounds  for  deciding.  It  is  evidently  more 
simple  to  assume  the  single  origin,  where  there  is  no  presumption  to  the  con- 
trary, as  there  may  be  in  the  case  of  tricecious  or  of  organically  associated  plants 
or  animals ;  but  the  contrary  supposition  does  not  affect  our  idea  of  species,  if 
we  suppose  the  originals  to  have  been  as  much  alike  as  individuals  proceeding 
from  the  same  parent  are,  and  to  have  had  a  common  birthplace.  The  investi- 
gation of  the  geographical  distribution  of  plants  more  and  more  favors  the  idea 
of  the  dissemination  of  each  species  from  a  centre  of  its  own. 
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site  course  in  domesticated  plants,  that  i^,  by  constantly  insuring  the 
fertilization  of  the  ovules  of  a  mariced  variety  by  the  pollen  of  the 
same,  and  by  saving  seed  only  from  such  of  the  resulting  progeny  as 
possess  the  desired  peculiarity  in  the  highest  degree,  and  so  on  for 
several  generations,  it  would  appear  that 

693.  RlteeSt  viz.  varieties  whose  characteristics  are  transmissible 
by  seed  with  considerable  certainty,  may  generally  be  produced.  Of 
this  kind  are  the  particular  sorts  of  Lidian  Com,  Rye,  Cabbage, 
Lettuce,  Radishes,  &c.,  and  indeed  of  nearly  all  our  varieties  of  culti- 
vated annual  and  biennial  esculent  plants,  as  well  as  of  several  per- 
ennials, many  of  which  have  been  fixed  through  centuries  of  domes- 
tication. What  is  now  taking  place  with  the  Peach  in  this  country 
may  convince  us  that  races  may  be  developed  in  trees  as  well  as  in 
herbs,  and  in  the  Bame  manner ;  and  that  the  reason  why  most  of 
our  cultivated  races  are  annuals  or  biennials  is  because  these  can 
be  perpetuated  in  no  other  way,  and  because  the  desired  result 
is  obtainable  in  fewer  years  than  in  shrubs  or  trees.  Although 
races  hardly  exist  independently  of  man,  he  cannot  be  said  to  origi- 
nate their  peculiarities,  nor  is  it  known  how  they  originate.  The 
sports,  as  the  gardener  calls  them,  appear  as  it  were  accidentally 
in  cultivated  plants.  The  cultivator  merely  selects  the  most  promis- 
ing sorts  for  preservation,  leaving  the  others  to  their  fate.  By  par- 
ticular care  he  develops  the  characteristic  feature,  and  strengthens 
and  fixes,  in  the  manner  already  explained,  the  tendency  to  become 
hereditary,  so  securing  the  transmissibility  of  the  variety  as  long  as 
he  takes  sufficient  care  of  it.  If  not  duly  cared  for,  they  dwindle  and 
lose  their  peculiarities,  or  else  perish ;  if  allowed  to  mix  with  normal 
forms,  they  revert  to  the  common  state  of  the  species.  Were  culti- 
vation to  cease,  all  these  valued  products  of  man's  care  and  skill 
would  doubtless  speedily  disappear ;  the  greater  part,  perhaps,  would 
perish  outright ;  the  remainder  would  revert,  in  a  few  generations 
of  spontaneous  growth,  to  the  character  of  the  primitive  stock* 

694.  Although  man  has  no  power  to  create  the  peculiarities  of 
such  varieties,  he  may  mans^  so  as  not  only  largely  to  increase 
them,  but  also  to  combine  the  peculiarities  of  widely  different  varie- 
ties of  a  species,  and  thereby  produce  novel  results.  This  is  effected 
by  Cross-breedingy  i.  e.  by  fertilizing  the  pistil  of  one  variety  with  the 
pollen  of  another  variety  of  the  same  species.  In  this  way  most 
esteemed  new  varieties  of  flowers  and  fruits  are  originated,  which 
combine  the  separate  excellences  of  both  parents.     The  cultivator 
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often  proceeds  one  step  farther,  in  certain  cases,  and  gives  rise  to  a 
different  kind  of  croM-^^reeds^  viz. 

695.  IlybridSt  These  are  cross-breeds  from  different  but  nearly 
related  species.  It  is  well  known  that,  by  proper  precautions,  the 
pistil  of  a  flower  of  one  species  may  oflen  be  fertilized  by  the  pollen 
of  another  of  a  similar  constitution,  and  that  the  plants  raised  from 
the  seeds  so  produced  combine  the  characters  and  properties  of 
both  parents.  Some  kinds,  such  as  Azaleas  and  Pelargoniums,  hy- 
bridize very  readily ;  in  others  hybridism  is  effected  with  difficulty 
between  nearly  related  species.  The  gardener  produces  hybrids 
among  most  of  his  £eivorite  plants,  and  variously  cross-breeds  and 
mingles  them,  so  as  to  confuse  the  limits  of  many  cultivated  species. 
But  in  nature  hybrids  rarely  occur.  Not  more  than  fifty  wild  kinds 
are  clearly  known  as  of  continued  or  frequent  occurrence.  Others 
may  perhaps  be  originated  from  time  to  time ;  but  their  existence 
is  transient.  For  hybrids  are  generally,  if  not  always,  sterile,  and 
therefore  incapable  of  perpetuation  by  seed.  But  their  ovules  may 
be  fertilized  by  the  pollen  of  either  of  their  parents,  when  the 
progeny  reverts  to  that  species,  probably  retaining,  however,  some 
traces  of  the  mixture,  unless  this  should  be  obliterated  by  successive 
fertilizations  from  individuals  o£  the  same  parent  species.  It  is 
probable  that  cross-fertilization  between  different  individuals  of  the 
same  species  is  more  common  than  is  generally  supposed,  and  that 
it  is  one  of  Nature's  means  for  repressing  variation.  On  the  other 
hand,  continued  self-fertilization  (or  breeding  in  and  in)  is  almost 
sure  to  perpetuate,  as  well  as  farther  to  develop,  individual  peculiari- 
ties, i.  e.  those  of  variety  or  race. 

696.  However  plants  may  be  modified  by  art  and  man's  device, 
the  systematic  botanist  proceeds  upon  the  ground  that  the  distinc- 
tions between  species,  whether  small  or  great,  are  real,  and  in  nature 
are  permanent, — that  variation,  wide  as  it  may  be,  is  naturally  re- 
stricted within  certain  limits.  And  this  appears  to  be  true.  As  dis- 
tinctions subordinate  to  species  are  in  nature  both  indefinite  and 
transitory,  these,  however  important  to  the  cultivator,  are  of  little 
account  with  the  systematic  botanist. 

697.  Species  are  the  true  subjects  of  classification.  And  the  end 
and  aim  of  systematic  botany  is  to  ascertain  and  to  express  their 
relationship  to  each  other.  The  whole  ground  in  nature  for  the 
classification  of  species  is  the  obvious  fact  that  species  resemble 
or  differ  from  each  other  unequally  and  in  extremely  various  de^ 
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grees*  If  this  were  not  so,  or  if  related  species  differed  one  from 
another  by  a  constant  quantity,  so  that,  when  arranged  according 
to  their  resemblancea,  the  first  differed  from  the  second  about  as 
much  as  the  second  from  the  third,  and  the  third  from  the  fourth, 
and  so  on  throughout,  —  then,  with  all  the  diversity  in  the  vege- 
table kingdom  there  actually  is,  there  could  be  no  natural  founda- 
tion for  their  classification.  The  multitude  of  species  would  render 
it  necessary  to  classify  them,  but  the  classification  would  be  wholly 
artificial  and  arbitrary.  The  actual  constitution  of  the  vegetable 
kingdom,  however,  as  appears  from  observation,  is,  that  some  species 
resemble  each  other  very  closely  indeed,  others  differ  as  widely  as 
possible,  and  between  these  the  most  numerous  and  the  most  various 
grades  of  resemblance  or  difference  are  presented,  but  always  with 
a  manifest  tendency  to  compose  groups  or  associations  of  resembling 
species,  —  groups  the  more  numerous  and  apparently  the  less  defi- 
nite in  proportion  to  the  number  and  the  nearness  of  the  points  of 
resemblance.  These  various  associations  the  naturalist  endeavors  to 
express,  as  far  as  is  necessary  or  practicable,  by  a  series  of  generali- 
seations,  —  of  which  the  lower  or  particular  are  included  in  the 
higher,  — » based  on  the  more  striking,  or  what  he  deems  the  most 
impoitant  (i.  e.  the  most  definite  or  least  exceptional)  points  of  re- 
semblance of  several  grades.  Linnaeus  and  the  naturalists  of  his 
day  mainly  recognized  three  grades  of  association,  or  groups  supe- 
rior to  species,  viz.  the  genus,  the  order,  and  the  class  ;  and  these  are 
still  the  principal  members  of  classification.     Of  these 

698.  Genera  (plural  of  Genus)  are  the  more  particular  or  special 
gix)ups  of  related  species.  They  are  groups  of  species  which  are 
most  alike  in  all  or  most  respects,  —  which  are  constructed,  so  to 
say,  upon  the  same  particular  model,  with  only  circumstantial  dif- 
ferences in  the  details.  They  are  not  necessarily  nor  generally  the 
lowest  definable  groups  of  species,  but  are  the  lowest  most  dearfy 
dejinable  groups  which  the  botanist  recognizes  and  accounts  worthy 
to  bear  the  generic  name ;  for  the  name  of  the  genus  with  that  of 
the  species  added  to  it  is  the  scientific  appellation  of  the  plant  or 
animal.  Constituted  as  the  vegetable  and  animal  kingdoms  are,  the 
recognition  of  geneni,  or  groups  of  kindred  species,  is  as  natural  an 
operation  of  the  mind  as  is  the  conception  of  species  from  the  asso- 
ciation  of  like  individuals.  This  is  because  many  genera  are  so 
strongly  marked,  or  at  least  appear  to  be  so,  as  far  as  ordinary  ob- 
sei*vation  extends.     Every  one  knows  the  Hose  genus,  composed  of 
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the  various  species  of  Roses  and  Sweeibriers ;  the  Bramble  genus, 
comprising  Raspberries,  &c.,  is  popularly  distinguished  to  a  cer- 
tain extent ;  tlie  Oak  genus  is  distinguished  from  the  Chestnut  and 
the  Beech  genus,  &c. :  each  is  a  group  of  species  whose  mutual 
resemblance  is  greater  than  that  of  any  one  of  them  to  any  other 
plant.  The  number  of  species  in  such  a  group  is  immaterial,  and 
in  fact  is  very  diverse.  A  genus  fnky  be  represented  by  a  single 
known  species,  when  .its  peculiarities  are  equivalent  in  degree  to 
those  which  characterize  other  genera, — a  case  which  often  occurs ; 
although  if  this  were  geherally  so,  genus  and  species  would  be 
equivalent  terms.  If  only  one  species  of  Oak  were  known,  the  Oak 
genus  would  have  been  as  explicitly  discerned  as  it  is  now  that  tlie 
species  amount  to  two  hundred ;  it  would  have  been  equally  distin- 
guished by  its  acorn  and  cup  from  the  Chestnut,  Beech,  Hazel,  &c. 
Familiar  illustrations  of  genera  in  the  animal  kingdom  are  furnished 
by  the  Cat  kind,  to  which  belong  the  domestic  Cat,  the  Catamount, 
the  Panther,  the  Lion,  the  Tiger,  the  Leopard,  Sec ;  and  by  the 
Dog  kind,  which  includes  with  the  Dog  the  different  species  of 
Foxes  and  Wolves,  the  Jackal,  &c.  The  languages  of  the  most 
barbarous  people  show  that  they  have  recognized  such  groups. 
Naturalists  merely  give  to  them  a  greater  degree  of  precision,  and 
indicate  what  the  points  of  agreement  are. 

699.  If  all  such  groups  were  as  definite  and  as  conspicuously 
marked  out  as  those  from  which  illustrations  are  generally  taken, 
genera  might  be  as  natural  as  species.  But  unfortunately  the  pure- 
ly popular  genera  are  comparatively  few,  and  although  often  cor- 
rectly founded  by  the  unscientific,  yet  they  are  as  frequently  wrongly 
limited,  or  based  upon  fanciful  resemblances.  Popular  nomencla- 
ture, embodying  the  common  ideas  of  people,  merely  shows  that 
generic  groups  are  recognizable  in  a  considerable  number  of  cases, 
but  not  that  the  whole,  v^etable  or  the  whole  animal  kingdom  is 
divisible  into  a  definite  number  of  such  groups  of  equally  or  some- 
what equally  related  species.  Whether  this  proves  to  be  so  or  not, 
and  whether  genera  are  actually  limited  groups  throughout,  this  is 
not  the  place  to  consider.  Sufiice  it  to  say,  that  there  is  a  ground 
in  nature  for  genera,  and  that  the  naturalist  is  obliged  to  treat  them, 
for  systematic  purposes,  as  strictly  definite  groups  of  species.  While 
genera  represent  the  closer  relationships  of  species, 

700.  Orders  or  Families  (as  they  are  interchangeably  called  in 
botany)  express  remoter  relationships  or  more  general  resemblances. 


860  PRINCIPLES   OF  CLASSIFICATIOK. 

Thej  are  groups  of  kindred  genera,  or-  ratlier  genera  of  a  higher 
grfzde.  For  example,  Oaks,  Chestnuts,  Beeches,  Hazels,  and  Hoiii- 
beams  constitute  so  manj  genera,  which,  although  quite  distinct,  have 
so  strong  a  fsunily  likeness,  and  are  so  much  alike  in  tlieir  general 
structure  and  properties,  that  thej  are  associated  into  one  order  or 
family  group  (the  Oak  £Eunily) ;  while  the  Birches  and  the  Alders 
form  another  order  not  very  different  in  character,  and  the  Walnuts 
and  Hickories  another.  So  the  Fines,  Firs  or  Spruces,  Larches, 
Cedars,  &&,  obviously  related  among  themselves  so  much  more  than 
they  are  to  any  other  genera,  are  members  of  the  Pine  family ;  the 
Baspberry,  Blackberry,  and  Strawberry,  with  many  others,  are  as« 
sociated  with  the  Rose  in  the  Rose  family ;  and  so  on. 

701.  Clasin  are  to  orders  what  these  are  to  genera.  They  ex- 
press more  extensive,  or  the  most  extensive  relations  of  species,  each 
class  embracing  all  those  species  which  are  framed  upon  the  same 
general  plan  of  structure,  however  differently  that  plan  may  be 
€»EUTied  out  in  particulars.  Thus  all  Exogenous  or  Dicotyledonous 
plants  constitute  one  class,  their  stems,  their  embryo,  their  leaves, 
&c.  being  constructed  upon  the  same  general  plan  in  all  the  species, 
while  Endogenous  or  Monootyledonous  plants  for  the  same  reasons 
compose  another  class. 

702.  The  sequence  of  groups,  rising  from  particular  to  universal, 
is  Species,  Genus,  Order,  Class ;  or,  in  descending  fiom  the  univer- 
sal to  the  particular. 

Class, 

Ordxb, 

GSNUS, 

Species. 

703.  These  are  the  common  framework  of  all  methods  <^  classifi- 
cation, both  in  the  animal  and  the  vegetable  kingdoms.  But  these 
do  not  exhaust  our  powers  of  analysis,  nor  express  all  the  gradations 
which  we  may  observe  in  the  relationship  of  species.  They  merely 
gather  up  what  are  deemed  the  most  essential  indications  of  re- 
lationship)  and  express  them  under  three  grades  superior  to  species^ 
which  always  carry  with  them  distinctive  names.  But  a  more  elab- 
orate analysis  is  often  requisite,  on  account  of  the  large  number 
of  objects  to  be  aiTanged,  and  the  various  degrees  of  relationship 
which  may  come  into  view.  And  these,  when  needful,  are  expressed 
in  a  series  of  intermediate  groups  or  divisions,  which  may  or  may 
not  require  distinciive  names.     Kmues  for  them  are,  however,  a 
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great  convenience,  especially  for  those  which  are  most  natural  and 
definite.  For  some  of  thei>e  inteiunediate  groups  may  be  as  dis- 
tinctly marked  as  are  those  which  we  call  genera  or  ordei's. 

704.  The  great  advantages  and  proper  use  of  this  intermediate 
grouping  are,  that  it  secures  all  the  benefits  of  complete  analysis 
without  undue  multiplication  of  genera  and  orders,  and  that,  by  ex- 
tending the  scale,  more  grades  of  relationship  may  be  noted,  and  the 
whole  expressed  in  our  systems  in  truer  perspective.  Accordingly, 
when  groups  of  species  below  what  we  take  for  genera  are  recog- 
nized, and  fbund  to  be  so  well  marked  that  by  a  little  lowering  of 
the  scale  they  would  be  received  as  genera,  they  are  denominated 
SuBOENEEA.  If  Icss  definite,  we  term  them  merely  Sections.  For 
example,  Pyrus^  the  Pear  genus,  embraces  Apples,  Pears,  Crab- 
apples  and  the  like  ;  and  the  Pear  itself  is  the  type  or  normal  rep- 
resentative. From  this  the  Apple  and  the  sevei-al  species  of  Crab- 
apple  differ  considerably,  but  not  quite  enough  to  warrant  generic 
separation:  they  are  therefore  recognized  as  forming  a  subgenus, 
MafuSy  of  the  genus  Pyrus.  Again,  the  Bramble  genus,  Jiubus,  com- 
prises both  Ra.'^pberries  and  Blackberries,  which,  although  distin- 
guished by  everybody,  are  not  so  much  or  so  definitely  different  from 
each  other  as  Apples  and  Crab-apples  are  from  Pears ;  to  they  are 
ranked  mei'ely  as  sections  of  the  Bramble  genus.  If  we  were  to 
receive  all  such  particular  groups  of  species  as  genera,  and  give  them 
substantive  names,  as  many  naturalists  are  doing,  the  nicer  grada- 
tions of  affinity  would  be  disregarded,  while  genera  would  be  reck- 
oned by  tens  of  thousands  ;  at  length  half  our  species  would  become 
genei*a  with  substantive  names,  and  the  whole  advantage  of  classifi- 
cation and  nomenclature  would  be  lost.  The  proper  discrimination 
of  genera  is  the  real  test  of  a  naturalist. 

705.  When  groups  intermediate  between  genera  and  orders  are 
admitted,  tliey  are  generally  denominated  Tribes,  and  their  divis- 
ions, if  any,  Subtribes.  But  the  highest  divisions  of  orders,  when 
marked  by  characters  of  such  importance  that  it  might  fairly  be 
questioned  whether  they  ought  not  to  be  received  as  independent 
orders,  take  the  name  of  Suborders.  For  example,  the  great 
Rose  family,  as  we  receive  it,  embmces  three  suborders ;  one  of 
them  represented  by  the  Plum,  Peach,  Almond,  &c. ;  a  second,  by 
the  Pear,  Quince,  Hawthorn,  and  the  like ;  and  the  third,  by  the 
Rose  itself  and  its  immediate  relatives.  Some  botanists  receive 
these  three  as  so  many  orders :  we  regard  them  as  suborders,  bei- 
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cause  of  the  strong  famity  likeness  which  pervades  the  whole,  and 
of  the  transitions  between  them.  In  the  larger  of  these  suborders, 
or  the  pix>per  Rose  family,  we  recognize  thi'ee  tribes :  one  repre- 
sented by  the  Rose  genus  itself;  one  by  the  Bramble  genus,  with 
the  Strawberry,  Cinquefoil,  Avens,  &c, ;  and  the  third  by  Spiraea 
and  its  near  relations.  And,  &gftin,  the  second  and  larger  of  these 
embraces  genera  which  are  different  enough  to  be  ranked  under 
several  subtribes. 

706.  Upon  the  same  principles,  groups  may  be  interposed  between 
the  orders  and  the  classes,  of  which  the  highest  kind  wiU  take  the 
name  of  Subclasses.  And  even  above  classes  we  have  the  most 
comprehensive  division  of  all  plants  into  a  higher  and  a  lower  grade 
or  Seriks  (98)  ;  which  brings  us  up  to  the  vegetable  Ejngdom, 
one  of  the  three  great  departments  of  Nature. 

707.  To  exhibit  the  whole  sequence  or  stages  of  natural-history 

classification,  so  that  the  student  may  see  the  relative  rank  of  groups, 

designated  by  the  terms  which  have  now  been  explained,  they  are 

here  presented,  arranged  in  a  descending  series,  beginning  with  the 

primary  division  of  natural  objects  into  kingdoms,  and  indicating  by 

small  capitals  those  of  fundamental  importance  and  universal  use  in 

classification. 

Kingdoms, 
Series, 

Classes, 

Subclasses, 

Orders  or  Pamilibs, 
Suborders, 
Tribes, 

Snbtribes, 
Genera, 

Subgenera, 
Species, 

Varieties, 

Individuals. 

708.  Cheraeten.  An  enumeration  of  the  distinguishing  marks,  or 
points  of  difference  between  one  class  or  order,  &c.  and  the  others, 
is  termed  its  character.  Characters  accordingly  properly  embrace 
only,  those  points  wliich  are  common  to  all  plants  of  the  group,  but 
not  to  the  other  groups  of  the  same  rank.  The  characters  of 
classes,  &c.  are  restricted  to  those  general  peculiarities  of  structure 
upon  which  these  great  groups  are  established :  the  ordinal  charac- 
ter recites  the  particulars  in  which  the  plants  it  comprises  differ 
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from  all  others  of  the  class  ;  the  generic  character  enumerates 
tliose  points  ^hich  distinguish  the  plants  of  the  genus  in  question 
from  all  others  of  the  same  order  or  suborder ;  the  specific  character 
indicates  the  differences  between  species  of  the  same  genus ;  —  to 
which  in  botanical  works  more  or  less  of  general  description,  accord- 
ing to  the  plan  and  extent  of  the  work,  is  generally  added. 

709.  A  complete  system  of  Botany  will  therefore  comprise  a  ^ 
methodical  distribution  of  plants  according  to  their  organization, 
with  their  characters  arranged  in  proper  subordination  ;  so  that  the 
investigation  of  any  one  particular  species  will  bring  to  view,  not 
only  its  name  (which  separately  considered  is  of  little  importance), 
but  also  its  plan  of  structure,  both  in  general  and  in  particular,  its 
relationships,  essential  qualities,  and  whole  natural  histoiy.  The 
classification  and  the  method  of  investigation  in  natural  history  con- 
stitute not  only  the  most  complete  arrangement  known  for  the  col- 
location of  a  vast  amount  of  facts,  but  also  the  best  system  of  prac- 
tical logic ;  and  the  study  exercises  and  sharpens  at  once  both  tlie 
powers  of  reasoning  and  of  observation,  more,  probably,  than  any 
other  pursuit.  As  a  system  for  collocating  facts  for  convenient  ref- 
erence, a  great  practical  advantage  of  natural  liistory  is  secured  by 
its  happily  devised 

710.  Binomial  Nomenclatare.  Since  the  time  of  Linnaeus,  who  in- 
troduced the  system,  the  scientific  name  of  every  plant  is  expressed 
by  two  words,  viz.  by  the  name  of  its  species  appended  to  that  of 
its  genus,  each  of  a  single  word.  That  of  the  genus,  i.  e.  the  ge- 
neric name,  is  a  substantive ;  that  of  the  species,  or  the  specific 
name,  is  an  adjective  adjunct.  The  same  name  is  never  employed 
for  different  genera ;  the  same  specific  name  is  not  available  for 
more  than  one  species  of  the  same  genus,  but  may  be  used  in  any 
other  genus.  A  few  thousand  names  accordingly  serve  completely 
to  designate  something  like  8,000  genera  and  nearly  100,000  species 
of  plants,  in  a  manner  which  obviates  all  confusion,  and  does  not 
greatly  burden  the  memory.  The  generic  name  of  a  plant  answers 
to  the  surname  of  a  person,  as  Brown  or  Jones  ;  the  specific  name 
answers  to  the  baptismal  name,  as  John  or  James,  Thus,  Quercus 
alba  is  the  botanical  appellation  of  the  White  Oak ;  Quercus  being 
the  substantive  name  for  the  genus,  and  alba  (white)  the  adjec- 
tive name  for  this  particular  species  ;  while  the  Red  Oak  is  named 
Quercus  rubra  ;  the  Scarlet  Oak,  Quercus  coccinea  ;  the  Live  Oak, 
Quercus  virens ;  the  Bur  Oak,   Quercus  macrocarpa;  and  so  on. 
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The  scientific  names  of  plants  are  all  Latin  or  Latinized ;  and  that 
of  the  species  always  follows  that  of  the  genus. 

711.  Generic  names  in  botany  are  derived  from  various  sources. 
Those  of  plants  known  to  the  ancients  generally  preserve  their  clas- 
sical appellations ;  as,  for  example,  Qtierctis,  Fagus^  CoryluSy  Prunus, 
Myrtus,  Viola,  &c  For  plants  since  made  known,  even  their  barba- 
rous names  are  oflen  adopted,  when  susceptible  of  a  Latin  termina- 
tion, and  not  too  uncouth ;  for  example,  Thcea  and  CoffcjeOy  for  the 
Tea  and  Coffee  plants,  Bamhusa  for  the  Bamboo,  Ji«cca,  Negundoj 
&c.  But  more  commonly,  new  generic  names,  when  wanted,  have 
been  framed  by  botanists  to  express  some  botanical  character,  habit, 
or  obvious  peculiarity  of  the  plants  they  designate ;  such  as  Arerup- 
ria,  for  a  plant  which  grows  in  sandy  places;  Dentaria,  for  a 
plant  with  toothed  roots ;  Lunaria,  for  one  with  moon-like  .pods ; 
Sanguinariay  for  the  Bloodroot  with  its  sanguine  juice  ;  Crassidoy 
for  some  plants  with  remarkably  thick  leaves.  These  are  instances 
of  Latin  derivatives ;  but  recourse  is  more  commonly  had  to  the 
Greek  language,  in  which  compounds  of  two  words  are  much  more 
readily  mj^de,  expressive  of  peculiarities  ;  such  as  Menispermum,  or 
Moonseed ;  JMhospermum,  for  a  plant  with  stony  seeds ;  Melanthium, 
for  a  genus  whose  flowers  turn  black  or  dusky;  Epidendrum,  for 
certain  Orchideous  plants  which  grow  upon  trees;  lAriodendroriy 
for  a  tree  which  bears  lily-shaped  flowers,  &c.  Genera  are  also 
dedicated  to  distinguished  persons;  a  practice  commenced  by  the 
ancients  ;  as  Pceonia,  which  bears  the  name  of  Paeon,  who  is  said  to 
have  employed  the  plant  in  medicine ;  and  Euphorbia,  Artemisia,  and 
Asclepias  are  also  examples  of  the  kind.  Modem  names  of  this 
kind  are  freely  given  in  commemoration  of  botanists,  or  of  persons 
who  have  contributed  to  the  advancement  of  natural  history.  Mag- 
nolia, Bignonia,  Lobelia,  and  Lonicera,  dedicated  to  Magnol,  Big- 
non,  Lobel,  and  Lonicer,  are  early  instances ;  Linncea^  Toumefoftia^ 
Jussicea,  Halleria,  and  Gronovia,  bear  the  names  of  the  most  cel- 
ebi'ated  botanists  of  the  eighteenth  century ;  and  at  the  present  day 
almost  every  devotee  of  the  science  is  thus  commemorated. 

712.  Specific  names  are  adjuncts,  and  mostly  adjectives,  adopted 
on  similar  principles.  Most  of  them  are  expressive  of  some  char- 
acteristic or  obvious  trait  of  the  species  ;  as,  Magnolia  grandifiora^ 
the  LE^rge-flo^ered  Magnolia;  M.  macrophyUa,  the  Large-leaved 
Magnolia ;  M.  glauca,  which  has  the  foliage  glaucous  or  whitened 
underneath  :  or  Viola  tricolor,  from  the  three-colored  corolla  of  the 
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Pansy ;  Fl  rostrata,  a  remarkably  long-spurred  species ;  FT  rotundt- 
foliay  with  rounded  leaves ;    F.  hmceolata^  with  lanceolate  leaves  ; 

V.petkUa,  with  pedately  parted  leaves  ;  V.  primuUefoiia,  where  the 
leaves  are  compared  to  those  of  the  Primrose ;  and  V,  puhescetUj 
with  pubescent  or  hairy  herbage.  Sometimes  the  specific  name  re* 
fers  to  the  country  which  the  plant  inhabits  or  was  first  found  in,  as 

Viola  Cancut^MtSy  the  Canadian  Violet ;  or  to  the  station  where  it 
naturally  grows,  as  V.pahMtris  (Marsh  Violet).  Sometimes  it  com- 
memorates the  discoverer  or  describer,  when  it  rightly  takes  the 
genitive  form,  as  Viola  Afuhlenbergii,  F.  NtUtallii,  &c.  When  com- 
memorative names  are  given  merely  in  compliment  to  a  botanist  un- 
connected with  the  discovery  or  history  of  the  plant,  the  adjective  form 
is  preferred ;  as,  Carex  Torrei/ana,  C.  Hooheriana^  &c :  but  this  rule 
is  not  universally  followed.  Specific  names  are  sometimes  substantive ; 
as,  Magnolia  UmhreUa^  Ranunculus  Flammtday  Hyperitmm  Sarothra^ 
Linaria  Oymhalaria,  <&c  (most  of  these  being  old  generic  names 
used  as  specific);  when  they  do  not  necessarily  accord  with  the 
genus  in  gender.  These,  as  well  as  all  specific  names  taken  from 
persons  or  countries,  are  to  be  written  with  a  capital  initial  letter. 

713.  Varieties  may  be  designated  by  names  when  they  are  re^ 
markable  enough  to  require  it.  The  name  of  the  variety,  when 
used  at  all,  follows  that  of  the  species,  and  is  formed  on  the  same 
plan.  Subgenera  need  to  be  designated  by  names,  which  are  sub- 
stantive, and  on  the  same  principle  as  generic  names.  These  are 
convenient  to  refer  to,  but  are  not  a  part  of  the  proper  name  of 
a  plant,  which  is  that  of  the  genus  and  species  only. 

714.  The  names  of  genera  and  species  are  the  same  in  all  botani- 
cal systems,  and  therefore  are  properly  alluded  to  here.  But  those 
of  orders,  and  all  other  groups  higher  than  genera,  vary  in  plan 
with  the  system  adopted.    Classifications  are  of  two  sorts,  viz. 

715.  Natural  and  Artifieial  Systems.  A  natural  system  carries  out 
in  practice  as  perfectly  as  possible  the  principles  sketched  in  this 
chapter,  arranging  all  known  species  in  groups  of  various  grades  in 
view  of  their  whole  plan  of  structure,  so  placing  each  genus,  tribe, 
order,  &c.  next  to  those  it  most  resembles  in  all  respects.  An  arti- 
ficial system  arranges  the  genera  by  some  one  cliaracter,  or  set  o^f 
characters,  diosen  for  convenience,  disregarding  other  considerations. 
It  aims  only  to  provide  an  easy  mode  of  ascertaining  the  names  of 
plants,  and  does  not  attempt  to  express  their  points  of  resemblance 
generally,  but  serves  nearly  the  same  purpose  as  a  dictionary. 

*^  ^  It 


866  THK   PRINCirLRS   OF 

716*  Artificial  systems  are  no  longer  used  in  botany,  except  as 
keys  or  helps  in  referring  plants  to  their  proper  groups  in  natural 
arrangements.  But  the  celebrated  Artificial  System  of  Linnaeus 
so  long  prevailed,  and  has  exerted  so  great  an  influence  over  the 
progress  of  ihe  science,  that  it  is  still  desirable  for  the  student  to 
understand  it.  It  will  therefore  be  explained,  afler  we  have  illus- 
trated the  principles  of  the  Natural  System  of  Botany. 


CHAPTER    II. 

OP  THE  NATURAL   SYSTEM   OP   BOTANY. 

717.  The  object  proposed  by  the  Natural  System  of  Botany  is 
to  bring  together  into  groups  those  plants  which  most  nearly  resem- 
ble each  other,  not  in  a  single  and  perhaps  relatively  unimportant 
point  (as  in  an  artificial  classification),  but  in  all  essential  particu- 
lars ;  and  to  combine  the  subordinate  groups  into  successively  more 
comprehensive  natural  assemblages,  so  as  to  embrace  the  whole 
vegetable  kingdom  in  a  methodical  arrangement.  All  the  charac- 
ters which  plants  present,  that  is,  all  their  points  of  agreement  or 
difference,  are  employed  in  the  classification ;  those  which  are  com- 
mon to  the  greatest  number  of  plants  being  used  for  the  primary 
grand  divisions ;  those  less  comprehensive,  for  subordinate  groups, 
&c. ;  so  that  the  character,  or  description  of  each  group,  when  fully 
given,  actually  expresses  the  main  particulars  in  which  the  plants  it 
embraces  agree  among  themselves,  and  differ  from  other  groups  of 
the  same  rank.  This  complete  analysis  being  carried  through  the 
system,  from  the  primary  divisions  down  to  the  species,  it  is  evident 
that  the  study  of  a  single  plant  of  each  group  will  give  a  correct 
general  idea  of  the  structure,  habits,  and  even  the  sensible  proper- 
ties, of  the  whole. 

718.  For  it  is  evident  that  the  relationships  of  plants  are  real; 
that  there  is  not  only  a  general  plan  of  vegetation  (with  which  the 
student  has  already  become  familiar),  but  also  a  plan  in  the  relations 
which  subsist  between  one  plant  and  another ;  that  the  species  sustain 
to  each  other  the  relation  of  parts  to  a  whole,  —  so  that  this  whole, 
or  vegetable  kingdom,  is  an  organized  system.     And  this  system,  a^ 
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far  a«j  comprehended,  may  be  to  a  good  degree  expressed  in  oiir 
classification.  Tills  idea  of  plan  and  system  in  nature  supposes  a 
Planner,  or  a  mind  which  has  ordered  things  so,  with  intelligence  and 
purpose ;  and  it  is  this  plan,  or  its  evidences  and  results,  which  the 
naturalist  is  endeavoring  to  investigate.  The  botanist,  accordingly, 
does  not  undertake  to  contrive  a  system,  but  he  strives  to  express  in 
a  classification,  as  well  as  he  can,  the  System  of  Nature,  or,  in  other 
words,  the  Plan  of  the  Creator  in  the  Vegetable  Kingdom. 

719.  "So  there  can  be  only  one  natural  system  of  botany,  if  by 
the  term  we  mean  the  plan  according  to  which  the  vegetable  crea- 
tion was  called  into  being,  with  all  its  gi'ades  and  diversities  among 
the  species,  as  well  of  past  as  of  the  present  time.  But  there  may 
be  many  natural  systems,  if  we  mean  the  attempts  of  men  to  inter- 
pi'et  and  express  the  plan  of  the  vegetable  creation,  —  systems 
which  will  vary  with  our  advancing  knowledge,  and  with  the  judg- 
ment and  skill  of  different  botanists,  —  and  which  must  all  be  very 
imperfect.  They  will  all  bear  the  impress  of  individual  minds,  and 
be  shaped  by  the  current  philosophy  of  the  age.  But  the  endeavor 
always  is  to  make  the  classification  a  reflection  of  Nature,  as  far  as 
any  system  can  be  which  has  to  express  such  a  vast  and  ever  in- 
creasing array  of  facts,  and  most  various  and  intricate  relations,  in 
a  series  of  definite  propositions,  and  have  its  divisions  and  subdi- 
visions following  each  other  in  some  fixed  order."  Our  so-called 
natural  methods  must  always  fail  to  give  more  than  an  imperfect 
and  considerably  distorted  reflection,  not  merely  of  the  plan  of  the 
vegetable  kingdom,  but  even  of  our  knowledge  of  it ;  and  every 
form  of  it  yet  devised,  or  likely  to  be,  is  more  or  less  artificial,  in 
some  of  its  parts  or  details.     This  is  inevitable,  because,  — 

720.  (1st.)  The  relationships  of  any  group  cannot  always  be  right- 
ly estimated  before  all  its  members  are  known,  and  their  whole 
structure  understood  ;  so  that  the  views  of  botanists  are  liable  to  bo 
modified  with  the  discoveries  of  every  year.  The  discovery  of  a 
single  plant,  or  of  a  point  of  structure  before  misunderstood,  has 
sometimes  changed  materially  the  position  of  a  considerable  group 
in  the  system,  and  minor  alterations  are  continually  made  by  our  in- 
creasing knowledge.  •(2d.)  The  groups  which  we  recognize,  and  dis- 
tinguish as  genera,  tribes,  orders,  &c.,  are  not  always,  and  perhaps 
not  generally,  completely  circumscribed  in  nature,  as  we  are  obliged 
to  assume  them  to  be  in  our  classification.  This  might  be  expected 
from  the  nature  of  the  case.     For  the  naturalist's  groups,  of  what- 
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ever  grade,  are  not  realities^  but  idem  ;  their  consideration  involves 
queetion?,  not  of  ihingt^  between  which  absolute  distinctions  might 
be  drawn,  but  of  degrees  of  resemblance,  -which  may  be  expected  to 
present  infinite  gradations.  (3d.)  Although  the  grades  of  afRnitj 
among  species  are  most  various,  if  not  wholly  indefuiite,  the  nat- 
uralist reduces  them  all  to  a  few,  and  treats  his  genera,  tribes,  &c. 
as  equal  units,  or  as  distinguti^hed  by  characters  of  about  equal  value 
throughout,  —  which  is  far  from  being  the  case.  (4th.)  The  nat- 
uralist in  his  works  is  obliged  to  arrange  the  groups  he  recognizes  in 
a  lineal  series ;  but  ^ach  genus,  or  order,  &c.  is  very  oflen  about 
equally  related  to  three  or  four  others ;  so  that  only  a  part  of  the 
relationship  of  plants  can  practically  be  indicated  in  the  published 
arrangement. 

721.  The  natural  system  as  sketched  by  Bernard  and  A.  L.  Jus- 
sieu,  and  improved  by  the  labors  of  succeeding  botanists,  essentially 
consists  of  an  arrangement  of  the  known  genera  according  to  their  af- 
finities under  two  hundred  or  more  natural  orders,  and  of  these  under 
a  few  great  types  or  classes.  What  is  now  most  wanted  to  complete 
the  system  is  a  truly  natural  arrangement  of  the  orders  under  the 
great  classes,  like  that  of  the  genera  under  their  respective  orders. 
Until  this  is  done,  the  series  in  which  the  orders  follow  one  another 
in  botanical  works  must  not  be  regarded  as  a  part  of  the  system  of 
nature.  Different  authors  adopt  different  modes  of  arranging  them ; 
and  all  of  them  that  a  learner  could  use  are  avowedly  more  or  less 
artificial, 

722.  Omitting  all  historical  details  and  statements  of  more  or  less 
confiicting  views,  we  will  briefly  sketch  the  outlines  of  the  principal 
divisions  of  the  vegetable*  kingdom,  according  to  the  natural  system 
as  we  now  practically  receive  it.  In  explaining  the  principles  of 
classification,  we  proceeded  from  the  individual  to  the  class.  In  ex- 
amining the  actual  construction  of  the  system  of  botany,  it  is  simpler 
to  regard  the  vegetable  kingdom  as  a  whole,  and  show  how  it  is  nat-. 
urally  divided  and  subdivided.  This  is  the  course  a  student  must 
follow  with  an  uilknown  plant  before  him,  which  he  wishes  to  refer 
first  to  its  class,  then  to  its  order,  and  finally  to  its  genus  and: 
species.  ^ 

723.  The  long  and  complex  series,  stretching  from  the  highest 
organized  vegetable  down  to  the  simplest  and  minutest  of  the  Fungi 
and  Algse,  is  most  naturally  divided,  as  we  have  already  seen,  into 
two  parts,  foi*ming  a  higher  and  a  lower  grade  or  series  (98),  viz. 


J 
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Series  I.  Phanogamol'S  (or  Phanerogamous)  or  Flower- 
ing Plants  (114,  117),  which  produce  flowers  and  seeds,  the  latter 
containing  a  ready-formed  embryo. 

Series  IL  Cryptogamous  or  Flowkrless  Plants  (113, 
117,  651),  whose  organs  of  reproduction  are  not  flowers,  but  some 
more  or  less  analogous  apparatus,  and  which  are  propagated  by 
spores  or  specialized  cells. 

724  We  have  next  to  consider  how  these  two  series  may  be 
themselves  divided,  in  view  of  the  most  general  and  important  points 
of  difference  which  the  plants  they  comprise  exhibit.  Whenever 
Phsenogamous  plants  rise  to  arborescent  forms,  a  difference  in  port 
and  aspect  at  once  arrests  attention ;  that  which  distinguishes  our 
common  trees  and  shrubs  from  Palms  and  the  like  (Fig.  184).  On 
examination,  tliis  is  found  to  accompany  a  well-marked  important 
difference  in  the  structure  of  the  stem  or  wood,  and  in  its  mode  of 
gi'owth.  The  former  present  the  exogenous,  Uie  latter  the  endoge- 
nous structure  or  growth  (200  -  203,  207,  &c.).  Tliis  difference  is 
equally  discernible,  if  not  so  striking,  in  the  annual  or  herbaceous 
stems  of  these  two  sorts  of  Phasnogamous  plants.  A  difference  Is 
also  apparent  in  their  foliage ;  the  former  generally  have  reticulata 
ed,  or  netted-^'eined,  the  latter  parallel-veined  leaves  (276).  The 
leaves  of  the  foimer  usually  fall  off  by  an  articulation ;  those  of  the 
latter  decay  on  the  stem  (309,  310).  The  Phsenogamous  series, 
therefore,  divides  into  two  great  classes,  namely,  into  Exogenous 
and  Endogenous  plants,  more  briefly  named  Exogens  and  Endo- 
GENS.  The  difference  between  the  two  not  only  pervades  their 
whole  port  and  aspect,  but  is  manifest  from  the  earliest  stage,  in  the 
plan  of  the  embryo.  The  embryo  of  Exogens,  as  already  shown,  is. 
provided  with  a  pair  of  cotyledons  (or  sometimes  with  more  than 
one  pair)  ;  that  of  Endogens,  with  only  one ;  whence  the  former  are 
aLsQ  termed  Dicotyledonous,  and  the  latter  Monocotyl>:do- 
Nous  plants  (128,  641-643):  names  introduced  by  Jusaieu,  the. 
father  of  this  branch  of  botany.*  Taking,  these  divisions  for  classes, 
^e  have 
• — ■ — - — — —  ......      .  ' '  '  '        ' ■  '"  — " 

*  There  is,  perhaps,  no  real  and  complete  exception  to  the  coincidence  of  an 
exogenous  stem  with  a  dicotyledonous  (or  polycotyledonous)  embryo,  and  of  an 
endogenous  stem  with  a  monocotyledonous  embryo.  Nyctaginaceous  plants 
and  some  others  have  a  few  vascular  bundles  scattered  through  their  pith,  but 
the  rest  of  the  wood  is  regularly  exogenous.  The  stalk  of  Podophyllum  imi- 
tates an  Endogen,  but  the  subterranean  rootstoclc  i»  truly  exogenous,  as  it  should 


870  THE   PRINCIPLES    OF 

Clast  I.  Exogenous  or  Dicotyledonous  Plaj^ts  ;  thoco 
with  endogenous  stems,  netted^veined  leaves,  and  dicotyledonous  (or 
rarely  polycotyledonous)  embryo ; 

Class  II.  Endogenous  or  Monocottledonous  Plants  ; 
those  with  endogenous  stems,  mostly  parallel-veined  leaves,  and 
monocotyledonous  embryo. 

725.  Without  entering  here  into  a  particular  explanation  of  the 
diversities  of  structure  which  Cryptogamous  plants  present,  suffice 
it  to  say  that  they  exhibit  three  grades  of  simplification  as  to  their 
vegetation,  which  appear  to  correspond  with  three  different  modes 
of  fertilization.  Plants  of  the  highest  grades  of  the  Cryptogamous 
series  have  wood  and  ducts  in  their  composition  (i.  e.  they  are  vascu- 
lar plants.  111),  and  display  the  ordinary  type  of  vegetation,  viz. 
with  an  axis  or  stem,  bearing  distinct  foliage.  But  this  stem  in 
structure  is  neither  endogenous  nor  exogenous,  and  grows  from  the 
apex  only,  having  no  primary  root ;  whence  these  vascular  Flower- 
less  plants  have  been  called  Acrogens,  or  Acrogenous  plants. 
Of  this  kind  are  Ferns,  Lycopodiaceae,  Equisetacese  or  Horsetails, 
&c.  These  plants,  it  appears,  produce  their  organs  analogous  to 
ilowers,  and  have  their  fecundation  effected,  once  for  all,  upon  the 
infantile  or  germinating  plantlet,  and  the  result  is  the  origination  of 
a  bud,  which  develops  into  the  adult  plant ;  and  that  bears  the  fruit, 
in  the  form  of  spore-cases  and  spores  (663).  Here  then  are  the 
chai*acters  of 

Class  III.  Acrogenous  Plants  ;  Cryptogamous  plants,  with 
a  distinct  axis  and  mostly  with  foliage,  having  wood  and  ducts  in 
their  composition :  fertilization  occurnng  upon  a  transient  germinat- 
ing plantlet,  and  giving  rise  to  the  adult  plant. 

726.  The  other  Crj^ptogamous  plants,  being  composed  of  paren- 
chyma only,  (or  with  slight  exceptions,)  are  called  Cellular  plants 
(111).  Among  them  the  Mosses  and  Liverworts  present  for  the 
most  part  the  ordinary  plan  of  vegetation ;  their  organs  analogous 
to  flowers*  appear  in  the  adult  plant ;  and  the  fertilization  of  the 
pistillidium  gives  origin  to  a  sporangium  in  which  a  multitude  of 
spores,  capable  of  germination,  are  developed.     These  compose 

Class  IV.  Anophytes  :  cellular  Cryptogamous  plants,  with 
distinct  stem  and  foliage,  or  sometimes  these  parts  confluent  into  a 

be.     Tho  tranks  or  rootstocka  of  Water-Lilies  appear  to  be  endogenous ;  but 
th^se  who  have  investigated  them  minutely,  declare  that  they  are  not  really  so. 
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frond,  composed  of  parenchyma  alone :  fertilization  giving  rise  to  a 
sporangium  filled  with  spores. 

727.  The  remaining  and  lower  grade  consists  of  plants  such  as 
Lichens,  Seaweeds  or  Algse,  and  Fungi,  which  exhibit  no  clear  dis- 
tinction into  stem,  root,  and  leaves,  but  consist  of  single  ceUs  or  rows 
of  cells  in  their  lowest  grades,  and  in  the  higher,  of  masses  of  cells 
disposed  in  almost  every  shape,  but  tending  mostly  to  flat  strata  or 
expansions ;  hence  the  vegetation  is  tenned  a  thaUtis  (or  bed),  and 
this  word  gives  a  name  to  the  class,  viz. 

Class  V.  Thallophytes  :  cellular  Cryptogamous  plants  with 
no  distinction  of  axis  and  foliage ;  their  spores  mostly  directly  fer- 
tilized (as  explained  in  another  place,  656  —  661). 

728.  These  five  classes  are  unequal  in  extent  and  diversity ;  the 
Exogenous  class  containing  much  the  largest  number  of  orders  ;  the 
Eiidogens  also  comprising  a  considerable  number ;  the  others  com- 
prise few  OTders  or  main  types,  but  are  most  of  them  very  rich 
in  tribes,  genera,  and  species. 

729.  Only  the  first  or  highest  class  presents  such  marked  diver- 
sity of  type  among  the  plants  it  comprises  as  to  call  for  the  estab- 
lishment of  subclasses,  that  is,  of  groups  of  such  importance  as  to 
raise  the  question  whether  they  should  not  be  regarded  as  classes. 
This  question  is  raised  by  the  peculiarities  of  Coniferae  (Pines,  Cy- 
presses, the  Yew,  &c.),  and  by  the  tropical  order  of  Cycadaceae ;  in 
which,  not  only  are  the  flowers  reduced  to  the  greatest  simplicity, 
but  the  fertile  ones  consist  of  naked  ovules  merely,  borne  on  the 
margins  or  surface  of  a  sort  of  open  leaf,  or  else  of  an  ovule,  without 
anything  answering  to  a  pistil  at  all.  But  as  these  plants  are  truly 
exogenous  and  dicotyledonous  (or  oflen  polycotyledonous),  the  better 
opinion  is  that  they  should  be  ranked  under  the  Exogenous  or 
Dicotyledonous  class,  as  a  subclass.  So  that,  while  the  main  body 
of  the  first  class  consists  of 

Subclass  I.  Angiospermous  Exogens  :  viz.  those  with 
proper  pistils  enclosing  their  ovules  in  an  ovary,  in  the  ordinary 
manner ;  the  pollen  to  fertilize  the  ovules  received  upon  a  stigma 
(420,  559,  574),  —  the  others  form  the 

Suhclass  n.  GrMNOSPEHMOUS  ExooENs:  those  with  naked 
ovules  and  seeds  (as  the  name  denotes),  which  are  fertilized  by 
direct  application  of  the  pollen  (5^,  573,  625). 

730.  The  general  plan  of  the  classes  and  subclasses  may  be  pre* 
senled  in  one  view,  as  in  the  i|ubjoined  synopsis. 
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731.  The  arrangement  and  general  character  of  the  principal 
orders  under  each  class  form  the  subject  of  the  ensuing  chapter. 
Before  entering  upon  it,  the 

732.  NomeneiatDre  of  Ofden,  Tribes,  fte.  requires  some  expknation. 
The  names  of  such  groups  are  in  the  plural  number.  As  a  gen* 
eral  rule,  the  name  of  an  order  is  that  of  some  leading  or  well-known 
genus  in  it,  prolonged  into  the  adjective  termination  acea.  Thus, 
the  plants  of  the  order  which  comprises  the  Mallow  (Mcdva)  are 
called  Malvctcea  ;  that  is,  PUmUe  MatvcusetBy  or,  in  English,  Malva- 
ceous  plants:  those  of  which  the  Rose  (Rosa)  is  the  well-known 
representative  are  Hosaeea^  or  Rosaceous  plants,  4&c  Some  few 
ordinal  names,  however,  are  differently  formed,  and  directly  indicate 
a  characteristic  feature  of  the  group ;  as,  for  instance,  LeguminastEy 
or  the  Leguminous  plants,  such  as-  the  Pea,  Bean,  iScc.,  whose  fruit 
is  a  legume  (610)  ;  Umbellifer^B,  or  Umbelliferous  plants,  so  named 
from  having  the  flowers  in  umbels ;  GamposittB^  an  order  having 
what  were  termed  compound  flowers  by  the  earlier  botanists  (394) ; 
LahicUa,  so  called  from  the  labiate  or  two-lipped  corolla  which 
nearly  all  the  species  exhibit ;  Ontciferm^  which  have  their  four 
petals  disposed  somewhat  in  the  form  of  a  cross  (Fig.  405). 

733.  Suborders,  tribes,  and  all  other  groups  between  orders  and 
genera,  bear  names  framed  upon  the  same  principles,  that  is,  they 
are  plural,  substantively-taken  adjectives,  derived  from  the  name  of 
some  characteristic  genus  of  the  group.  Thus  the  genus  Mosa 
gives  name  to  a  particular  tribe,  Roseau  of  the  order  Rosace<B  ;  the 
genus  MaXva  to  the  tribe  Modvea^  of  the  order  MahodcedR^  &c.,  —  the 
termination  in  acecR  being  avoided,  because  reserved  for  ordinal 
names. 


CHAPTER    III. 

ILLUSTRATIONS  OF  THB  NATURAL  ORDERS  OR  FAMILIES. 

.  734.  Some  authors  (such  as.  Jussieu  and  Endlicher)  commence; 
with  the  lower  extremity  of  the  series,  and  end  with  the  higher ; 
wliile.  others  (as  De  Candolle)  pursue  the  opposite  course,  beginning 
with  the  more  perfect  Flowering  plants,  and  ooncluding  with  the 

'82 
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lowest  grade  of  Flowerless  plants.  The  first  mode  possesses  the 
theoretical  advantage  of  ascending  by  successive  steps  from  the 
simplest  to  the  most  complex  structure ;  the  second,  the  great  prac- 
tical advantage  of  beginning  with  the  most  complete  and  best  under- 
stood, and  proceeding  gradually  to  the  most  reduced  and  least 
known  forms,  or,  in  other  words,  from  the  easiest  to  the  most  dif- 
ficult ;  and  is  therefore  the  best  plan  for  the  student. 

735.  Until  the  orders  shall  have  been  successfully  associated  into 
ncUural  cdlianceg  or  superior  groups,  (of  whatever  name,)  it  is  most 
convenient  to  follow  De  CandoUe's  arrangement  of  them,  in  a  gen- 
eral way,  with  such  minor  alterations  as  may  be  called  for.  The 
principal  Floras  now  in  use  are  arranged  upon  this  general  method. 
It  commences  with  the  Exogenous  class,  with .  those  orders  of  it 
which  are  generally  provided  with  complete  flowers,  and  which  ex- 
hibit the  floral  organs  in  the  most  normal  condition,  according  to 
our  theory  of  the  blossom  (Chap.  IX^  Sect.  I.  —  IIL),  that  is, 
which  have  most  of  tlie  several  parts  free  and  separate.  It  pro- 
ceeds to  those  which  are  characterized  by  the  union  or  consolida- 
tion of  their  floral  organs,  and  then  to  those  which  are  reduced  or 
simplified  by  the  suppression  or  obliteration  of  parts,  ending  with  the 
Gymnospermous  subclass,  the  flowers  of  which  are  extremely  simpli- 
fied. The  Endogenous  class  succeeds,  with  a  somewhat  analogous 
arrangement,  ending  with  Grasses ;  and  the  classes  of  the  Ciyp- 
togamous  series  follow  in  the  order  of  their  rank. 

736.  The  following  cursory  sketch  takes  in  the  principal  orders, 
freely  omitting,  however,  small  and  obscure  ones,  as  well  as  certain 
well-characterized  groups  which  have  no  interest  to  the  ordinary 
student,  and  no  indigenous,  naturalized,  or  commonly  cultivated  rep- 
resentatives in  the  United  States.  Certain  exotic  orders  are  also 
omitted  from  the  synopsis  of  the  classes  or  large  divisions,  for  greater 
simplicity,  but  are  briefly  mentioned  in  their  proper  place.  Fuller 
accounts  of  the  natural  orders,  and  of  their  systematic  arrangement, 
structure,  properties,  &c.,  must  be  sought  in  more  extensive  works, 
such  as  Lindley's  Vegetable  Kingdom,  De  CandoUe's  Prodromus,  &c. 
As  applied  to  the  botany  of  this  country,  what  is  essential  is  comprised 
in  the  Manual  of  the  Botany  of  the  Northern  United  States,  by  the 
present  writer,  and  in  similar  Floras.  The  characters  of  the  orders, 
&c.  are  drawn  up  in  ordinary  botanical  language.  For  explanation 
of  the  technical  terms  used^  the  reader  may  consult  the  Glossary  at 
the  end  of  the  volume. 


EXOOICNOUS   OR  DICOTYLEDONOUS  PLANTS.  875 

Series  L    Flowering   or  Phanooamous  Plants. 

Plants  furnished  with  flowers  (essentially  consisting  of  stamens 
and  pistils),  and  producing  proper  seeds. 

Class  I.    Exogenous  or  Dicotyledonous  Plants. 

Stem  consisting  of  a  distinct  bark  and  pith,  wiiich  are  separated 
by  an  interposed  layer  of  woody  fibre  and  vessels,  forming  wood  in 
all  perennial  stems :  increase  in  diameter  effected  by  the  annual 
deposition  of  new  layers  between  the  old  wood  and  the  bark,  which 
are  arranged  in  concentric  zones  and  ti"aversed  by  medullary  rays. 
Leaves  commonly  articulated  with  the  stems,  their  veins  branching 
and  reticulated.  Sepals  and  petals,  when  present,  more  commonly 
in  fives  or  fours,  and  very  rarely  in  threes.  Embryo  with  two  (or 
rarely  more)  cotyledons. 

Subclass  1.    Angiospermous  Exogenous  Plants. 

Ovules  produced  in  a  closed  ovary,  and  fertilized  by  the  action  of 
pollen  through  the  medium  of  a  stigma.  Embryo  with  a  pair  of  op- 
posite cotyledons.  (For  convenience,  the  very  numerous  orders  of 
this  subclass  are  divided  into  those  with  polypetalous,  monopetalous, 
and  apetalous  fiowers.  This  holds  in  a  general  way ;  but  a  good 
many  genera  and  species  of  mainly  polypetalous,  and  some  of  mono- 
petalous orders,  are  apetalous.  The  character  of  the  following  divis- 
ion must  therefore  be  regarded  as  liable  to  exception  in  this  respect. 
For  example,  many  of  the  genera  of  the  first  order  have  apetalous 
flowers.  —  The  earlier  groups  of  this  division  are  mostly  hypogy- 
nous ;  those  that  succeed,  perigynous  ;  the  last  are  epigynous.) 

Division  I.    Polypetalous  Exogenous  Plants. 
Calyx  and  corolla  both  present ;  and  the  petals  distinct. 

Conspectus  op  the  Orders. 

Group  1.  Ovaries  several  or  numerous  (in  a  few  cases  solitary),  distinct,  when 
in  several  rows  sometimes  coherini^  in  a  mass,  but  not  united  into  a  com- 
pound  pistiL    Petals  and  stamens  hypogynous.    Seeds  albuminous. 

*  Stamens  or  pistils  (one  or  both)  numerous  or  indefinite. 
Herbs  witliout  stipules.  Ranunculacea. 

Shnibfi  or  trees.    Corolla  imbricated  in  the  bud.  Maonoliace^. 

Shrubs  or  trees.    Corolla  yalvate  in  the  bud.  Akonace^e. 
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*  *  Stamens  few  or  definite,  mostly  before  the  petals.    Pistils  one  or  few. 
Climbing  pliints.    Dioacioos  or  monoecioufl.  Mbni8pkrmace.s. 

Not  climbing.    Flowers  perfect.   Anthers  opening  by  valves.    Berbbridaceje. 

Croup  2.  Ovaries  several  and  distinct,  or  perfectly  united  into  a  compound 
pistil  of  several  ceils.  Embryo  enclosed  in  a  sac  at  the  end  of  the  alba- 
men,  or,  in  Nelumbium,  without  albumen.    Aquatic  herbs. 

Carpels  distinct,  immersed  in  a  dilated  top-shaped  torus.  Nelumbiaceac 

Carpels  united  into  a  several-celled  and  many-ovoled  ovary.        NymphwBace^. 
Car})els  distinct  and  free.    Stamens  6-18.  Cabombaceje. 

Group  3.  Ovary  compound,  5-celled,  with  the  placente  in  the  axis.  Sta- 
mens hypogynous,  indefinite.  Seeds  numerous,  anatropous,  albuminous, 
with  a  small  embr}^o.  Marsh  herbs,  with  singular  pitcher-shaped  or 
tubular  leaves.  Sarraceniacejs. 

Group  4.  Ovary  compound,  with  parietal  placentas.  Petals  and  sepals  2  or  4, 
deciduous.  Stamens  hypogynous.  Flower  unsymmetrical.  Embryo  small, 
in  copious  albumen,  or  coiled  when  there  is  no  albumen. 

Seeds  albuminous  :  embryo  small  or  minute. 

Polyandrous :  flower  r^ular.    Juice  milky  or  colored.  PAPAVERACEiE. 

Diadelphous  or  hexandrous  :  flower  irregular.  Fumabiacba. 
^eeds  without  albumen  :  styles  and  stigmas  united  into  one. 

Pod  two-celled.    Kadicle  folded  on  the  cotyledons.  Cruciferac 

Pod  one-celled.    Embryo  rolled  up.  CAePPARiDACEA. 

Seeds  without  albumen  :  styles  or  stigmas  several.  RssBDACEiB. 

Grotq)  5,  Ovary  compound,  with  parietal, placentss.  Floral  envelopes  mostly 
5-merous;  calyx  persistent    Stamens  hypogynous.    Seeds  albuminous. 

Anthers  (5)  adnata,  introrse,  connate.    Corolla  irregular.  ViOLACBiE. 
Anthers  extrorse,  or  innate,  distinct    Corolla  regular. 

Vernation  circinate.    Petals  marcescent  Droseracba. 

Vernation  straight.    Petals  usually  caducous.  Cistacbjs. 

Givup  6.  Ovary  compound,  with  the  placentsB  parietal,  or  2  -  5-celled  from 
their  meeting  in  the  axis.  Stamens  hypogynous.  Seeds  with  a  straight 
embryo  and  little  or  no  albumen. 

Sterile  filaments  or  a  lobed  appendage  before  each  petal.  Park  ass  lACBiE. 
Sterile  filaments  none  :  leaves  opposite. 

Stipules  none  :  leaves  dotted.    Stamens  unsymmetrical.  HTPBRicAcis^. 

Stipules  present :  leaves  dotless.     Stamens  symmetrical.  EuiTiNACBiE. 

Group  7.  Ovary  compound,  one-celled  with  a  free  central  placenta,  or  2- 
several-celled  with  the  placenta  in  the  axis.  Calyx  free  or  nearly  so. 
Stamens  hypogynous  or  perigynous.  Embryo  peripheric,  coiled  more  or 
less  around  the  outside  of  mealy  albumen. 

Petals  and  stamens  numerous.    Ovary  many-celled.   Mbsbmbrtanthskace^. 
Petals  3  •  5  or  6,  sometimes  wanting. 

Floral  envelopes  symmetrical.     Stamens  10  or  fewer.       CARTOPHTLLACSiB. 

Floral  envelopes  unsymmetrical,  or  stamens  iba^y.  PoRXULACACEiB. 
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Group  8.  Ovary  componnd  and  sereral-cetied,  with  the  j^acentas  in  the  axU ; 
or  the  nnmerons  carpels  more  or  less  coherent  with  each  other  or  with  a 
central  axis.  Calyx  free  from  the  ovary,  with  a  valvate  aestivation.  Sta- 
mens mostly  iDdefinite,  monadelphoos,  or  polyadelphous,  inserted  with  the 
petals  into  the  receptacle  or  base  of  the  petals. 

Anthers  1 -celled,  reniform.     Stamens  monadelphous.  Maltace^. 

Anthers  2-celled.    Fertile  stamens  few,  monadelphous.  Byttnbbiack^. 

Antherd  2-eelled»    Stamens  polyandrous  or  polyadelphous.  Tiuacbje. 

Group  9.  Ovary  compound,  with  two  or  more  cells,  and  the  placentie  in  the 
axis,  free  from  the  calyx,  which  is  imbricated  in  aestivation.  Stamens  in- 
definite, or  twice  as  many  as  the  petals,  usually  monadelphous,  hypogy- 
nous.  —  Trees  or  shrubs. 

Leaves  simple,  not  dotted.    Stamens  indefinite.  Cahelliacb^. 

Leaves  pellucid-punctate,  mostly  compound.  Aurantiace^. 

Leaves  compound,  dotless.     Stamens  10  or  less,  monadelphous. 

Seeds  single  in  each  cell,  wingless.  Meliacbje. 

Seeds  several  in  each  cell,  winged.  Cedrelagkje. 

Group  10.  Ovary  conipound,  or  of  several  carpels  adhering  to  a  central  axis, 
(or  rarely  distinct  in  the  last  two),  free  from  the  calyx,  which  is  mostly  im- 
bricated in  aestivation.  Stamens  as  many  or  twice  as  many  as  the  petals, 
inserted  on  the  receptacle,  often  monadelphous  at  the  base.  Embryo  large. 
Albumen  little  or  none.    Flowers  perfect,  except  hi  some  Rutaceae. 

*  Flower  irregular  and  unsymmetrical.    Albumen  none. 
Stamens  united  over  the  pistil.     Ovules  several  in  each  cell.     Balsaminacg^. 
Stamens  distinct.    Ovules  single  in  each  cell.  Trop^olackje. 

*  *  Flower  regular  and  mostly  symmetrical. 
Leaves  not  punctate  with  transparent  dots. 

Calyx  valvate.    Albumen  none :  cotyledons  vfery  thick.       LiMNAyTHACE^. 
Calyx  imbricated  in  aestivation. 
Embryo  eonduplicate :  the  radicle  bent  down  on  the 

convolute  cotyledons.  Gsraniacbjb. 

Embryo  straight  or  nearly  so. 

Stamens  (fertile)  5.    Leaves  simple,  entire.  Linages. 

Stamens  10.    Leaves  opposite,  componnd.  ZYOOPHYLLACEiS. 

Stamens  10.  .  Leaves  alternate,  mostly  componnd. 

Ovules  more  than  one  in  each  cell.  Oxalidaceje. 

Ovules  only  one  in  each  cell.  Simarubacb^. 

Leaves  punctate  with  transparent  dots.  RuTACSiB. 

J  ,  ^  • 

Grotq}  11.  Ovary  one,  or  several  and  distinct  or  combined  into  one,  with  one 
or  rarely  two  ovules  in  each  cell.  Calyx  free;  stamens  more  or  less 
perigynous,  as  many  or  twice  as  many  as  the  petals.  Embryo  large: 
albumen  none.  Shrubs  or  trees  with  a  resinous  or  viscid-milky  juice,  and- 
mostly  polygamous  or  dioedons  flowers.  Leaves  not  punctate.  —  In  tem- 
perate climates  represented  only  by  ANACARDiACE^iS. 

32* 
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Group  19.  Ovaiy  compound,  1  -5-cellcd,  with  one  or  two  ovules  erwi;  from 
the  base  of  the  cells.  Calyx  free  or  partly  adherent.  Stamens  as  many  as 
the  petals  or  sepals  and  opposite  the  former.  Seeds  anatropons,  albumi* 
nous.  Woody  pl&nts,  with  a  colorless  juice.  Flowers  regular.  Leaves 
alternate. 

Calyx  obscure.    Petals  valvate,  caducous.    Embryo  minute.  Vitace^. 

Calyx  more  conspicuous  than  the  petals,  valvate.  Rhamnace^. 

Group  13.  Ovary  compound,  2-5-celled,  with  only  one  or  two  ovules  in  each 
cell.  Stamens  as  many  as  the  petals  and  alternate  with  them,  perigynous. 
Seeds  furnished  with  an  arillus,  albuminous,  with  a  large  straight  embryo. 
Woody  plants,  with  regular  flowers  and  simple  leaves.  —  Represented 
mainly  by  Cblastbacejk. 

Group  14.  Ovary  compound  and  2-3-celled,  with  one  or  two  (rarely  3  or  4) 
ovules  in  each  cell,  free  from  the  calyx,  which  is  imbricated  in  aestivation. 
Flowers  often  irregular,  and  sometimes  unsymmctrical.  Stamens  definite, 
hypogynous  or  perigynous.  Shiiibs,  trees,  or  herbs.  Xtcavcs  opposite  or 
alternate,  not  punctate. 

Stamens  distinct,  inserted  on  a  hypogynous  or  perigynous  disk. 
Embryo  (except  in  Staphylea)  variously  curved  or  coiled,  and 

destitute  of  albumen.  Safindaceje. 

Stamens  hypogynous,  without  a  disk. 
Stamens  mostly  monadelphous,  10. 

Flowers  regular.    Embryo  curved ;  albumen  none.  Malpighiace^. 

Stamens  monadelphous  or  diadelphous,  6  or  8.    Flower  irregu- 
lar and  unsymmctrical.    Embryo  straight  in  albumen.         PoLTGALACEiB. 

Group  15.  Ovary  simple  and  solitary,  free  from  the  calyx;  the  fruit  a  ix>d. 
Flower  5-merou8,  the  odd  sepal  anterior.  Corolla  papilionaceous,  irregu- 
lar, or  sometimes  regular.  Stamens  monadelphous,  diadelphous,  or  dis- 
tinct, mostly  perigynous.     Seeds  destitute  of  albumen 

Stamens  hypogynous,  the  anterior  wanting.     Stipules  none.      Ksamebtacejb. 
Stamens  mostly  perig3mous.    Fruit  a  legume.  Leguminosjs. 

Group  16.  Ovaries  one  or  several,  either  simple  and  distinct,  or  combined 
into  a  compound  ovary  with  two  or  more  cells  and  the  placentae  in 
the  axis.  Petals  and  the  distinct  stamens  perigynous.  Seeds  destitute  of 
albumen. 

*  Calyx  free,  although  often  enclosing  the  ovaries  in  its  tube,  except  when  the 

latter  are  united,  when  it  is  adnate  to  the  compound  ovary,  and  the  sta- 
mens are  indefinite. 

Leaves  alternate,  stipulate.    Cotyledons  plane.  Rosacejs. 

Leaves  opposite,  not  stipulate,  nor  pellucid-punctate.  Calycanthaceje. 

Leaves  opposite,  not  stipulate,  pellucid-punctate.  Mybtace^. 

♦  *  Calyx  free  from  the  compound  ovary.    Stamens  definite.        Lythracea. 
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*  *  *  Caljx-tnbe  adnate  to  the  compound  oTOiy.    Stamens  definite. 

Anthers  opening  hy  a  pore  at  the  apex.  Mklabtomac&s. 
Anthers  opening  longitudinally. 

Stipules  between  the  petioles.    Leaves  opposite.  BHizopHORACEiE. 
Stipules  none.    Calyx  valvate. 

Cotyledons  convolute.    Fruit  indehiscent,  1 -celled.  Oombrstacbjs. 

Cotyledons  plane.    Fruit  mostly  2-4~ceUed.  Onaokacba. 

Group  17.  Ovary  compound,  one>celled,  with  parietal  plaoentss.  Petals  and 
(with  one  exception)  stamens  inserted  on  the  throat  of  the  calyx.  Flowers 
perfect,  except  in  Papayacese. 

*  Calyx  adherent  to  the  ovary. 

Albumen  none  or  very  little-    Petals  and  stamens  indefinite.  Cactaoejb. 

Albumen  very  copious.    Embryo  minute.     Stamens  5.  Gbossulacba. 

Albumen  present    Embryo  rather  large.     Stamens  indefinite.  Loasace^. 

♦  *  Calyx  free  from  the  ovary. 
Flowers  perfect.     Stamens  5. 

Stamens  distinct  and  pcrigynous.  Turnbracejs. 

Stamens  monadelphous,  adnate  to  the  gynophore.  Passifloracejc. 

Flowers  dioecious.     Stamens  10,  on  the  corolla.  pAPAYACEiE. 

Group  18.  Ovary  compound,  one  -  several-celled,  the  placentas  parietal  (either 
truly  or  falsely  so).  Calyx  adnate.  Corolla  frequently  monopetalous. 
Stamens  mostly  united  either  by  their  filaments  or  anthers.  Flowers 
dioBcions  or  moncecions.  Albumen  none.  Succulent  or  tender  vines  with 
tendrils.  CucuRsiTACEiE. 

Group  19.  Ovaries  two  or  more,  many-ovulcd,  distinct,  or  partly,  sometimes 
completely,  united,  when  the  compound  ovary  is  one-celled  with  parietal 
placentae,  or  2  -  many-celled  with  the  placentae  in  the  axis.  Calyx  either 
free  from  the  ovary  or  more  or  less  adherent  to  it.  Petals  and  stamens 
inserted  on  the  calyx ;  the  latter  mostly  definite.  Seeds  albuminous,  nu- 
merous. 

Pistils  of  the  same  number  as  the  sepals.  Crassulacea. 

Pistils  fewer  than  the  sepals,  more  or  less  united.  Saxifragace^. 

Gi-oup  20.  Ovary  compound,  2-  (rarely  3-5-)  celled,  with  a  single  ovule  sus- 
pended from  the  apex  of  each  cell.  Stamens  usually  as  many  as  the  pet- 
als or  the  lobes  of  the  adherent  calyx.    Embryo  small,  in  hard  albumen. 

*  Summit  of  the  (often  2-lobed)  ovary  free  from  the  calyx ;  the  petals  and  sta- 

mens inserted  on  the  throat  of  the  calyx.  HAMAMELACEiB. 

*  *  Calyx-tube  entirely  adherent  to  the  ovary.  Stamens  and  petals  epigynons. 
Fruit  separable  into  two  dry  carpels.  Flowers  umbellate.  Umbblliferje. 
Fruit  drupaceous,  usually  of  more  than  two  carpels.  Araliaceje. 
Fruit  a  1  >2-ceUed  drupe.    Flowers  cymose  or  capitate.  CoBXACEiE. 
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737.  0r4.  KaiamhtCB  (Ootq/bot  Family).  Herbaceons,  occa- 
sionally^ climbing  plants,  wilb  an  acrid  watery  juice,  and  usually 
palmately  or  temately  lobed 

or  divided    leaves,   witbout 

Btipules.     Calyx  of  tbree  to 

eix,    nguaUy    five,    distinct 

sepals,  deciduous,  except  in 

Pamnia      and     HeUeboms. 

Peiab    five    to    fifteen,    or 

often  none.     Stamens  indefi- 

itite,  distinct.     Ovaries    nn-  ^^ 

merous,  rarely  few  or  soli- 
tary, distinct,  in  fruit  becoming  achenia  (Fig.  566,  667)  or  follicles 

{Fig.  579,  648,  649),  or  in  Act«a  a  beny.     Embryo  minute,  at  tlie 

base  of  firm  albumen  (Fig.  650,  610),  —  Ei.  Ranunculus,  the  But- 
tercup (Fig.  645),  which  has  regular 
fiowers  wilb  petals.  Clematis  (Vii^ 
gin's  Bower,  wbicb  is  the  type  of  a 
tribe).  Anemone  (Fig.  41 1),  Hepatica 
(Liver-leaf),  &c,  have  no  petals,  but 
the  calyx  is  petaloid.  In  f  bese  tbe  flow- 
ers are  regular.  The  Larkspur  (Fig. 
898)  and  Monkshood  (Fig.  401)  bava 
the  flowers  irregular,  and  the  Colum- 
bine (Fig.  646)  has  petals  in  the  form 
of  spurs.  Acttea  (Baneberry)  and 
one  Larkspur  have  a  solitary  ovary ; 
in  tbe  latter  the  petals  are  consoli- 
dated. Zantborbiza  (Yellow-root)  has 
only  five  or  ten  stamens.  —  Tbe  juice 

of  all  RanuQCulaceous  plants  is  acrid,  or  even  caustic :  some,  as  tbe 

Aconite,  are  virulent  narcotico-acrid  poisons. 

738.  Ord,  DillenianiE,  consisting  chiefly  of  tropical  and  Australian 
shrubs  and  trees,  probably  includes  Crossosoma  of  Nutlall,  a  singu- 
lar Califomian  geuus.  Tbe  order  ranks  between  the  preceding 
and  succeeding,  but  is  nearer  the  former,  from  which  it  is  known  by 
its  arillate  seeds. 

riQ.  eu.    V«'tl«]iMtkiaii(th*aa<nT(irftBBtl«)SBp. 

FIG  US.  FIdhst  ud  put  or  ■  liar  of  Aqull^li  Cuitdimili  (Wild  Caliunbiw)  fiiT  A 
detufaid  peHI.  SiS  Tha  fin  <^upel•  of  tba  ftult.  CtS.  A  Hpuita  IblUcil.  OjO.  VuUlMl 
HCtlOD  of  the  BBod,  flhowlDE  tfas  minuCo  tnibiya. 
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739.  Ord.  MlgBDllacefB  {Magnolia  Family).  Trees  or  ehrubj; 
with  ample  and  coriaceoaa,  alternate,  eniire  or  lobed  leaves,  usurHj 
-punctate  with  minute  transpHrent  dots :  etipule^  mcmbranaccou.'i,  en< 
Veloping  the  bud,  falling  off  when  the  leaver  expand.  Flowers  soli- 
-tary,  large  and  ehowy.  Calyx  of  three  deciduous  sepals,  colored  like 
the  petals;  the  latter  in  two  or  more  eeries  of  tliree.  Stamens  nu- 
merous, with  ednate  anthers.  Carpels  either  several  in  a  single 
row,  or  numerous  and  apicale  on  the  prolonged  receptacle ;  in  the 
latter  case  usually  more  or  leas  cohering  with  each  oilier,  and  fonn* 
ing  a  fruit  like  a  cone  or  strobile.  Seeds  mostly  one  or  two  in  each 
carpel,  sometimes  drupaceous  and  suspended,  when  the  carpels  open, 
by  an  extensile  thread,  composed  of  unrolled  spiral  vessels.  Em- 
bryo minute,  at  the  base  of  homc^eneous  fleshy  albumen.  There 
are  three  well-marked  suborders,  by  many  ranked  aa  orders,  viz. :  — 


740.  Snbord.  MagnoIitEE  (Moffnolia  Family  proper),  characterized 
principally  as  above,  especially  by  the  stipules  and  the  imbricated 
spiked  carpels :  —  represented  by  Magnolia  and  Liriodendron.  The 
bark,  &c.  ia  bitl«r  and  aromatic,  with  some  acridity. 

741.  Sabord.  WintcreiE  {Winter' s-Ba,rk  Family)  has  no  stipules, 
and  the  carpels  occupy  only  a  single  verticil.     These  have  more 


M»gnol!»gl.n«.    6B2.  A.™ 

en,  KtB  tram  Um  Indds,  Bhowtng  (be  tvo  lobu  at 

.^MdsU.  cord  of  <plr.l  TwcU. 
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pungent  and  purer  aromalic  properltea ;  as  in  Uliciiun,  the  Star- Anise, 
the  seed:)  and  pods  of  wliicli  furnish  the  aromalic  oil  of  this  name. 

742.  Babord.  Bchillldrta  is  monoecious  or  dicecioHs,  with  the  pis- 
tils spicate  or  capilute  on  a  prolonged  receptacle ;  the  stamens  often 
Bumadelphous.  Lieaves  Bometimes  toothed,  destitute  of  stipules. — 
£!x.  Schizandra.     These  are  mucihiginous,  with  little  aroma. 

743.  Ord.  laHiiniBeeiC  is  a  small  group,  found  in  the  southern 
hemisphere,  with  pungent  aromatic  properties,  most  allied  to  the  last 
order  according  to  Dr.  Hooker  (or  to  Calycanthaceae,  according 
to  Tulasne),  but  chiefly  apeialous,  and  with  opposite  leaves. 

744.  Ord.  Ananaees  {Ou$tard-AppU  Family).  Trees  or  shrubs, 
with  alternate  entire  leaves,  destitute  of  stipules.  Flowers  large, 
but  duU-colored.     Sepals  3.     Petals  6,  in  two  rows,  valvate  in  sesti' 


ration.  Stamens  numerous,  in  many  rows,  with  extrorse  anthers. 
Carpels  few,  or  mostly  numerous  and  closely  packed  together,  some- 
times cohering  and  forming  a  fleshy  or  puipy  mass  in  the  mature 

?IG.  SH.  nanerlogbniicbor  tbePipsw(AainlnstrilDtK)Df  thanitnnlelK.  SSSTIu 
ncepUcle,  wltb  lU  but  tha  pisUlI  nmonid.  6G6  i.  lUmsD,  iDH~ai:l«d.  657.  Visa  of  Uim 
baccate  podi  Trom  tbflB>iDarec«ptKCl0(muGhl«dnc«iJUi^ze};  oih  cut  *croiB,  untber  Iracth- 
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fruit  Seeds  one  or  more  in  each  carpel,  with  a  hard  and  brittle 
testa:  embryo  minute,  at  the  base  of  hard,  ruminated  albumen. 
The  four  species  of  our  so-called  Papaw  (Asimina)  are  our  only  rep- 
resentatives of  this  chieHy  tropical  order,  which  furnishes  the  lus- 
cious custard-apples  of  the  East  and  West  Indies,  &c.  Aromatic 
properties,  with  some  acridity  in  the  bark,  &c.,  prevail  in  the  order. 
Monodora  yields  the  calabash-nutmeg. 

745.  Ord.  HfrisUeaeea}  {Nutmeg  Fmnily),  consisting  of  a  few  tropi- 
cal trees  (which  bear  nutmegs),  differs  from  Anonacese  in  having 
monoecious  or  dioecious  and  apetalous  flowers,  &c.  The  aril  and  the 
albumen  of  the  seeds  are  fine*  aromatics.  The  common  nutmeg  is 
the  seed  of  Myristica  moschata  (a  native  of  the  Moluccas)  deprived 
of  the  testa :  mace  is  the  aril  of  the  same  species.  The  ruminated 
albumen  is  nearly  peculiar  to  this  family  and  the  Anonacese. 

746.  Ord.  leniRpermaceS  {Moonseed  Family),  Climbing  or  twin- 
ing shrubby  plants,  with  alternate  and  simple  palmately-veined  leaves, 
destitute  of  stipules ;  and  small  flowers  in  racemes  or  panicles, 
mostly  dioecious,  the  parts  commonly  in  two  or  more  rows  of  three 
or  four  each.  Calyx  of  three  to  twelve  sepals,  in  one  to  three  ix)ws, 
deciduous.  Petals  as  many  as  the  sepals  or  fewer,  small,  or  some- 
times wanting  in  the  pistillate  flowers.  Stamens  as  many  as  the 
petals,  and  opposite  them,  or  two  to  four  times  as  many :  anthers 
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often  four-celled.     Carpels  usually  several,  but  only  one  or  two  of 
them  commonly  fiructify,  at  first  straight,  but  during  their  growth 

FIG.  659*  Staminate  flower  of  Menispermam  Canadenm.  660.  A  stamen,  with  its  foui^ 
lobed  anther.  661.  A  pistillate  flower  of  the  same.  662.  A  solitary  fruit.  663.  Two  drapes 
on  the  same  receptacle,  cut  across ;  one  through  the  pulpy  exocarp  only,  the  other  through 
the  bony  endocarp  and  seed.  664.  A  drupe  diyided  Tertically  (the  embryo  liere  is  turned  the 
wrong  way).    665.  Tlie  seeO,  and,  666,  the  coiled  embryo  detaehed. 
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oflen  curred  into  a  rin« ;  in  fruit  becoming  berries  or  drupes.  Seeds 
Bolitary,  filling  the  cavity  of  the  bony  endoctirp:  embryo  large, 
curved  or  coiled  in  the  thin  fieshy  albumen. — Menispermum,  or 
Moonaeed  {Fig.  413,  414,  659-666),  Cocculua.  The  roola  are 
bitter  and  tonic  (e.  g.  Colombo  Root  of  the  materia  medica)  ;  but  the 
fruit  ia  t^en  narcotic  and  acrid  ;  a.><,  for  instance,  the  very  poisonous 
Goccjdut  Indieut  of  the  eliop^  once  used  for  rendering  malt  liquora 
more  intoxicating,  and  for  stupefying  fishes. 

747.  Ord.  BerberidietB  {Barberry  FamHy).  Herbs  or  shrubg, 
with  a  watery  juice  ;  the  leaves  alternate,  compound  or  divided,  usu- 
ally without  stipules.  Flowers  perfect.  Calyx  of  three  to  nine 
Bepak,  imbricated  in  one  to  several  rows,  oflen  colored.    Petals  as 


many  as  the  sepals  and  in  two  seta,  or  twice  ps  many,  often  with  a 
pore,  spur,  or  glandular  appendage  at  the  base.     Stamens  equal  id 
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number  to  the  petals  and  opposite  them,  or  rarely  more  numerous ; 
anthers  extrorse,  the  cells  commonly  opening  by  an  uplifled  valve 
(Fig.  475,  672).  Carpel  solitary,  often  gibbous  or  oblique,  forming 
a  one-celled  pod  or  berry  in  fruit.  Seeds  sometimes  with  an  aril : 
embryo  (often  minute)  surrounded  with  a  fleshy  or  homy  albumen. 
—  Ex,  The  Barberry,  the  sharp  spines  of  which  are  transformed 
leaves ;  the  Mahonias  are  Barberries  with  pinnated  leaves.  Caulo- 
phyllum  thalictroides,  the  Blue  Cohosh,  is  remarkable  for  its  eva- 
nescent pericarp  (559),  and  the  consequent  naked  seeds,  which 
resemble  drupes  Podophyllum  peltatum  (the  Mandrake)  presents 
an  exception  to  the  ordinal  character,  having  somewhat  numerous 
stamens,  with  anthers  which  do  not  open  by  valves ;  but  the  latter 
anomaly  is  also  found  in  Nandina.  The  order  i§  remarkable  for 
this  valvular  dehiscence  of  the  anthers,  and  for  the  situation  of  both 
the  stamens  and  petals  opi)osite  the  sepals.  But  this  latter  pecu- 
liarity is  easily  explained  away  (4G1).  The  fruit  is  innocent  or 
eatable ;  the  roots,  and  also  the  herbage,  sometimes  drastic  or  poison* 
ous,  as  in  Podophyllum. 

748.  Ord.  Nelumbiacea;  {Nelumho  Family),  Aquatic  herbs,  with 
large  leaves  and  flowers,  on  long  stalks  arising  from  a  prostrate 
trunk  or  rhizoma,  which  has  a  somewhat  milky  juice :  the  leaves 
orbicular  and  centrally  peltate.  Calyx  of  four  or  five  sepals,  decid- 
uous. Petals  numerous,  inserted  in  several  rows  into  the  base  of  a 
large  and  fleshy  obconical  torus,  deciduous.  Stamens  inserted  into 
the  torus  in  several  rows:  the  filaments  petaloid;  the  anthers  ad- 
nate  and  introrse.  Cai-pels  several,  separately  immersed  in  hollows 
of  the  enlarged  flat-topped  torus  or  receptacle  (Fig.  427),  each  con- 
taining a  single  anatropous  ovule ;  in  fruit  forming  hard,  round  nuts. 
Seed  without  albumen  :  embryo  very  large,  with  two  fleshy  cotyle- 
dons, and  a  highly  developed  plumule.  —  Ex.  The  order  consists  of 
the  single  genus  Nelumbium,  embracing  two  species ;  one  a  native 
of  Asia,  the  other  of  North  America.  They  are  chiefly  remarkable 
for  their  large  and  showy  leaves  and  flowers.  The  nuts  are  eatable. 
It  should  be  regarded  rather  as  a  suborder  of  the  next. 

749.  Ord.  N}inpha;aeeffi  (  Water-Lily  Family).  Aquatic  herbs,  with 
showy  flowers  and  cordate  or  peltate  leaves,  arising  from  a  prostrate 
trunk  or  rhizoma,  and  raised  on  long  stalks  above  the  water,  or 
floating  on  its  surface.  Calyx  and  corolla  of  several  or  numerous 
imbricated  sepals  and  petals,  which  gradually  pass  into  each  other ; 
persistent ;  the  latter  inserted  on  the  fleshy  torus  which  surrounds 

33 


386  ILLITSTRATIOKS   Of  THE  NATCOAI.   ORDERS. 

or  partly  encloses  and  adheres  to  the  pistil ;  the  inner  series  gradu- 
ally changing  into  stamenfl.  Stamens  numerous,  in  several  rows, 
inserted  into  the  torus  with  or  above  the  pelaU  ;  tnanj  of  the  outer 
iilamenis  petaloid  (Fig.  344),  the  adnata  anthers  introrse.  Fruit  in- 
dehiscent,  pulpy  when  ripe,  many-celled,  crowned  with  the  radiate 
etigmas ;  the  anatropous  seeds  covering  the  spongy  dissepiments. 
Embryo  small,  enclosed  in  a  membranous  bag,  which  is  next  the 
hilum,  and  half  immersed  in  the  meaty  albumen.  Structure  of  the 
trunk  appearing  rather  endt^nous  than  exc^nous.  —  Ex,  Nym- 
phasa,  the  White  Water-Lily;  Nuphar,  the  Yellow  Pond-Lily;  and 


the  magnificent  Victoria  of  tropical  South  America,  the  most  gigan- 
tic and  showy  of  aquatics,  both  as  to  ita  flowers  and  its  leaves.  Mu- 
cilaginoua  plants,  with  slight  aslringency ;  no  important  properties. 

750.  Ord.  CabombBCCHl  ( WcUer-skield  Family)  is  really  merely  a 
simplilied  slate  of  tlie  last,  with  only  one  serie3  of  sepals  and  petab, 

FIQ,  STT-    OpcD  BoweT,  iritb  ■  flower-bod  ud  l»f  of  th*  Wlilta  Wmtsr-Lilf  (NjmphiH 
fMS\  cut  snj  eiMpt  on*  of  llw  pelajDld  Itunona,  i 
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definite  stamens,  or  nearly  so,  with  innate  anthers,  and  the  gyntpcium 
of  few  ^)Ocarpous,  free,  and  few-«vuled  pistils  ;  the  ovules  chiefly  <m 
the  dorsal  suture.     Brasenia  and  Cabomba  are  all  the  genera. 


751.  Ord.  itummaiaaie  (Water-Pitcher  Family).  Perennial  herbs, 
growing  in  bogs ;  the  (purplish  or  yellowish-green)  leaves  all  radical 
and  hollow,  pitcher-shaped  (Fig,  299,  300),  or  trumpet-shaped, 
Calyi  of  five  persistent  sepals,  with  three  small  bracts  at  its  base. 
Corolla  of  five  petals.'  Stamens  numerous.  Summit  of  the  com- 
bined styles  very  large  and  petaloid,  five-angled,  covering  the  five- 
celled  ovary,  persistent.  Fruit  five-celled,  five-valved,  with  a  large 
placenta  projecting  from  the  asis  into  the  cells.  Seeds  numerous, 
albuminous,  with  a  small  embryo.  —  Sarracenia,  from  which  the 
above  character  is  taken,  was  the  only  known  genus  of  the  order, 
until  the  recent  discovery  of  Heliamphora  in  Guian.i,  which  is  apeta- 
lous,  its  scape  bearing  several  flowers ;  as  does  that  of  a  third  genus, 
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DarlingtonJa,  Torr.,  recently  discovered  in  California,  with  calyx  and 
corolla  not  very  unlike  tho^  of  Sarracenia,  but  Y-ithout  the  umbrella- 
like  style.  The  species  of  Sarracenia  are  all  Kaslem  North  Amer- 
ican.    The  affinities  of  the  group  are  unsettled. 

752.  Ord.  PaptTCratea  {Poppy  Family).  Herbs  with  a  milky  or 
colored  juice,  and  alternate  leaves  without  stipules.  Calyx  of  two 
(rarely  three)  caducous  sepals.  Corolla  of  four  to  six  regular  petals. 
Slamena  eight  to  twenty-four,  or  numerous.  Fruit  one-celled,  with 
two  to  five  or  numerous  parietal  placenta;,  from  which  the  valves 
oAen  separate  in  dehiscence.  Seeds  numerous,  with  a  minute  em- 
bryo, and  copious  fleshy  and  oily  albumen.  —  Ex.  The  Poppy  (Pa- 
paver),  the  leading  representative  of  this  small  but  important  family, 
is  remarkable  for  the  extension  of  the  placenta  so  as  almost  to  divide 


the  cavity  of  the  ovary  into  several  cells,  and  for  the  dehiscence  of 
the  capsule  by  mere  chinks  or  pores  under  the  edge  of  the  crown 


£.  Tiu  caJyptriform  ctiyx  t 
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formed  by  the  radiate  Btigmas.  GHcIuchoIlzia,  now  common  in 
gardens,  is  remarkable  for  llie  expanded  apex  of  the  peduncle,  and 
for  the  union  of  the  tM'o  sepald  into  a  caiffplra,  like  a  candle-extin* 
gnislier,  which,  Eepamling  at  the  base,  is  thrown  off  by  the  expan- 
simi  of  the  petals.  The  c<riored  juice  i«  narcotic  and  stimulant. 
That  of  the  I'oppy  yields  Opium.  That  of  the  Celandine  and  of  the 
Bloodroot  (Sanguinaria)  is  acrid. 

752'.  Ord.  FDmariaMa!  {Fumitory  Family).  Smooth  herbs,  with 
brittle  stems,  and  a  watery  juice,  alternate  dissected  leaves,  and  no 
etipules.  Flowers  iiTegular.  Calyx  of  two  sepals.  Corolla  of  four 
petals,  in  pairs ;  the  two  outer,  or  one  of  them,  spurred  or  sac-iike 
at  the  base ;  the  two  inner,  callous  and  cohering  at  the  apex,  includ- 
ing the  anthers  and  stigma.  Stamens  six,  in  two  parcels  opposite 
the  outer  petals ;  the  Alaments  of  each  set  usually  more  or  less 
united ;  the  middle  one  bearing  a  two-celled  anther ;  the  lateral,  with 
one-celled  anthers.  Fruit  a  one-celled  and  two-valved  pod,  or  round 
and  indehiscent.  Seeds  with  fleshy  albumen  and  a  small  embrj'o.  — 
Ex.  Fumaria,  Dicentra  (Fig.  3C9  -  374),  Corydalis.  «, 

A  small  and  unimportant  tribe  of  plants,  chiefly  re- 
markable for  their  singular  irregular  flowers ;  by 
which,  with  tlieir  watery  juice,  they  are  distin- 
guished, and  lliat  not  very  definitely,  from  the  pre- 
ceding family. 

753.  Ord.  Cnieifere  {Mustard  Family).  Herbs, 
with  a  pungent  or  acrid  watery  juice,  and  alternate 
leaves  without  stipules  ;  the  flowers  in  racemes  or 
corymbs,  with  no  bracts  to  the  i>edicels.  Calyx  of 
four  sepals,  deciduous.  Corolla  of  four  regular 
petals,  with  claws,  their  spreading  hmbs  forming  a 
cross  (Fig.  694).  Stamens  six,  two  of  them  ehort- 
er  {tetradynamom.  Fig.  695,  589).  Fruit  a.  pod 
(called  a  lilique  when  much  longer  llian  bi-oad,  or  a 
tilielt  when  short.  Fig.  703),  which  is  two-celled 
by  a  membranous  partition   that  unites    the  two  *" 

marginal  placentse,  from  which  the  two  valves  usually  fall  away. 
Seeds  with  no  albumen  i  embryo  with  the  cotyledons  folded  on  the 
radicle.  —  Ex.  The  Water-Cress,  Radish,  Musiard,  Cabbage,  &c 
A  very  natural  order,  perfectly  distinguished  by  having  six  tetra- 
dynamous  stamens  along  with  four  petals  and  four  sepals,  and  by  the 

riG.  GM.  Fk>w«i>f  Miutud.    GBS  Ttw  ituieiu  and  pIMU. 
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peculiar  pod.  The  peculiarity  of  the  atamem  is  explaiaed,  and 
tlie  singular  sjnametiy  of  th«  flower  illustrated,  on  p.  243.  All 
these  plants  have  a  peculiar  volatile  acridity  (and  olten  an  ethe- 
real oil,  which  abounds  in  sulphur)  dispersed  through  every  part, 
from  which  they  derive  their  peculiar  odor  and  sharp  taste,  and 
their  stimulant,  rubc&cient,  and  antiscorbutic  properties.  The  roots 
of  some  perennial  Bpecie»,  such  as  the  Horseradish,  or  the  seeds  of 
annual  species,  as  the  Mustard,  are  used  as  condiments.  In  some 
cultivated  plants,  the  acrid  principle  is  dispersed  among  abundance 
of  saccharine  and  mucilaginous  matter,  affording  wholesome  food; 
as  the  root  of  the  Turnip  and  Radish,  and  the  leaves  and  stalks 


of   the    Cabbage    and    Cauliflower.      None   are    really    poisonous 
plants,  although  some   are    very   acrid.     Several    species    are    in 

Fid.  (>0O,    A  Crudfnoui  flower-    6dT.  Th«  niufi,  with  tb«  CB]yi  ud  ootdLIa  mnored,  obow- 
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culdvation,  for  their  beauty  or  fragrance ;  such  as  the  Wall^wer, 
Slock,  &c 

754.  Ort.  CappSrldaCtlE  {Caper  Family).  Herbs,  or  in  the  tropics 
oiten  shrubs  or  trees ;  differing  from  Cruciferte  in  the  one-celled  pod 
(which  is  oflen  stalked)  being  destitute  of  any  false  partition;  in  the 
kidney-shaped  seeds ;  and  in  the  stamens,  which,  when  six,  are 
scarcely  tetradynamous,  and  are  often  more  numerous.  —  Ex.  Cle- 
ome,  Polanisia,  Gynandropsis ;  chiefly  tropical  or  subtropical. 
Many  have  the  pungency  of  Cruciferte,  but  are  more  acrid.  Capers 
are  the  pickled  flower-buds  of  Capparis  spinosa  of  the  Levant,  &c 
The  roots  and  herbage  or  bark  are  bitter,  nauseous,  and  s 
poisonous. 


755.  Ofd.  RCKdaeCir  {MigmmeOe  Family).  Herbs,  with  a  watery 
juice,  and  alternate  leaves  without  stipules,  except  a  pair  of  glands 
be  so  considered:  the  flowers  in  terminal  racemes,  smnll,  and  often 
fragrant. —  Calyx  persistent,  of  four  to  seven  sepals,  somewhat 
united  at  the  base.  Corolla  of  two  to  seven  usually  unequal  and 
lacerated  petals,  with  broad  or  thickened  claws  (Fig.  377).  A 
fleshy  disk  is  commonly  present,  enlai^d  posteriorly  between  the 
petals  and  the  stamens,  and  bearing  the  latter,  which  vary  from 
three  to  forty  in  number,  and  are  not  covered  by  the  pelab  and 
sepals  in  the  bud.  Fruit  a  one-celled  pod,  with  three  to  six  parietal 
placentie,  three  to  six-lobed  at  the  apex,  where  it  opens  along  the 
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inner  satures,  ufuaTly  long  before  the  seeds  are  ripe.  Seeds  sereral 
or  many,  curved  or  kidney-shaped,  with  no  albumen ;  the  embryo 
incurved.  —  Ex.  The  common  representatives  of  this  order  are  the 
Mignonette  (Reseda  odorata),  prized  for  its  fragrant  flowers,  and 
the  Weld  (R.  Luteola),  which  yields  a  poor  dye, 

756.  Ord.  FlaconrtEatCS,  a  group  of  tropical  shrubs  and  trees, 
placed  in  (hia  vicinity,  is  best  known  by  Bixa  Orellana,  which  yields 
Amatto,  the  orange-red  dried  pulp  of  the  pod,  surrounding  the 

757.  Ord.  ViolaceK  (  Violet  Family).  Herbs  (in  tropical  countries 
sometimes  shrubby  plants),  with  mostly  alternate  simple  leaves,  on 
petioles,  furnished  with  stipules ;  and  iiTegular  flowers  (Fig,  396, 
397).  Calyx  of  five  persistent  sepals,  often  auricled  at  the  base. 
Corolla  of  five  unequal  petals,  one  of  them  larger  than  the  others 
and  commonly  bearing  a  spur  or  a  sac  at  the  base :  aestivation  imbri- 


cative.  Stamens  five,  with  short  and  broad  filaments,  which  are 
usually  elongated  beyond  the  (adnata  introrse)  anthers ;  two  of 
them  commonly  bearing  a  gland  or  a  slender  appendage  which  is 
concealed  in  the  spur  of  the  corolla :  the  anthers  approaching  each 
other,  (ff  unil«d  in  &  ring  or  tube.     Style  .usually  turned  to  one  side 

TTfl.  711.  ViDiA  i^ttAtA.  TIZ.  Oa&  ot  the  ftuneru  wKhonC  npp«aEliigfi,  trva  from  vrlthin ; 
ud  one  /iiTnLEhDd  with  h  ipur-Ultfl  appendix  on  tbe  buh.  712°.  A  cupflule  vbteh  bu  opeoed 
and  HpanCed  Iqlo  thxH  TAlvedj  UiB  caiyE  i 
■eed  aad  embryo. 
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and  thickened  at  the  apex.  Fruit  a  one-celled  capeule,  opening  bjr 
three  valves,  each  bearing  a  parietal  placenta  on  its  middle.  Seeds 
several  or  numerous,  anatropous,  with  a  crustaceoua  integument,  and 
a  straight  embryo,  nearly  the  length  of  the  fleshy  albumen  (Fig,  604, 
605).  —  £x.  The  Yiolet  is  the  principal  genus  of  this  order ;  H>me 
species,  like  the  Pansy,  are  cultivated  for  the  beauty  of  their  flow- 
era  ;  others,  for  their  delicate  fragrance.  The  roots  of  all  are  acrid, 
and  emetic.  Those  of  some  8outh  American  speraea  of  lonidinm 
furnish  a  part  of  the  Ipeeacuanka  of  commerce. 

758.  Ord.  CisIattK  {Rock-Rose  Family).  Low  shrubby  plants  or 
herbs,  with  simple  and  entire  leaves  (at  least  the  lower  opposite). 
Calyx  of  five  persistent  sepals ;  the  three  inner  with  a  convolute 
(estivation  ;  the  two  outer  small  or  sometimes  wanting.  Corolla  of 
five,  or  rarely  three,  regular  petals,  convolute  in  estivation  in  the 
direction  contrary  to  that  of  the  sepals,  oflen  crumpled,  usually 
ephemeral,  sometimes  wanting,  at  least  a  portion  of  the  flowers. 
Stamens  few  or  numerous,  distinct,  with  short  innate  anthers.     Fndt 


a  one-celled  capsule  with  parietal  placentae,  or  imperfectly  three  to 
five-celled  by  dissepiments  arising  from  the  middle  of  the  \'alves 
(dehiscence  therefore  loculicidal),  and  bearing  the  placentae  at  or  near 
the  axis.     Seeds  few  or  numerous,  mostly  orthotropous,  with  mealy 

FIO.  Ha.    Tbe  Rock-Ron,  HelUnthcmum  Ctudnm.    T14.  J\owa  tmn  irhteh  Um  pcEsli 
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albumen.  Embryo  curved,  or  variously  coiled  or  bent.  —  Ex,  Cistus, 
Ilelianthemum :  a  small  family ;  the  flower;^  often  showy.  No  im- 
portant properties.  Several  exude  a  balsamic  resin,  such  as  Lador- 
num  from  a  Cistus  of  the  Levant 

759.  Ord«  DrourftCeS  {Sundew  Family).  Small  herbs,  growing  in 
swamps,  usually  covered  with  gland-bearing  hairs ;  with  the  leaves 
rolled  up  from  the  apex  to  the  base  in  vernation  (circinnate)  :  stip- 
ules none,  except  a  fringe  of  hairs  or  bristles  at  the  base  of  the 
petioles.  Calyx  of  five  equal  sepals,  persistent  Corolla  of  five 
regular  petals,  withering  and  persistent,  convolute  in  aestivation. 
Stamens  as  many  as  the  petals  and  alternate  with  them,  or  some- 
times two  or  three  times  as  many,  distinct,  withering ;  anthers  ex- 
trorse.  Styles  three  to  five,  distinct  or  nearly  so,  and  each  two- 
parted  (so  as  to  be  taken  for  ten  styles.  Fig.  610),  and  these  divis- 
ions sometimes  two-lobed  or  many-cleft  at  the  apex.  Fruit  a  one- 
celled  capsule,  opening  loculicidally  by  three  to  five  valves,  with 
three  to  ^y^  parietal  placentae ;  in  Dionasa  membranaceous,  burst- 
ing irregularly,  and  with  a  thick  placenta  at  the  base.  Seeds  usu- 
ally numerous.  Embryo  small,  at  the  base  of  cartilaginous  or  fleshy 
albumen.  —  Ex,  Drosera,  the  Sundew  ;  and  Dionaea  (Venus's  Fly- 
trap, Fig.  297,  298),  so  remarkable  for  its  sensitive  leaves,  which 
suddenly  close  when  touched.  The  styles  of  the  latter  are  all  united 
into  one. 

760.  Ord.  FarnaSsiaceSB  is  for  the  present  made  for  the  genus  Par- 
nassia,  which  was  formerly  appended  to  Droseraceae  (for  no  good 
reason),  and  has  since  been  placed  by  some  next  to  Hypericaceae,  by 
others  referred  to  Saxifragaceae.  It  is  remarkable  for  having  the 
four  or  five  stigmas  situated  directly  over  the  parietal  placentae  (p. 
294,  note),  and  for  the  curious  appendages  resembling  sterile  sta- 
mens before  each  petal  (Fig.  380,  381). 

761.  Ord.  Hyperic&Ceffi  (*Slf.  Johnswort  Family).  Shrubs  or  herbs, 
with  a  resinous  or  limpid  juice,  and  opposite  entire  leaves,  destitute 
of  stipules,  and  punctate  with  pellucid  or  blackish  dots.  Flowers 
regular.  Calyx  of  four  or  five  persistent  sepals,  the  two  exterior 
often  smaller.  Petals  four  or  five,  convolute  in  aestivation,  often 
beset  with  black  dots.  Stamens  commonly  polyadelphous  and  numer- 
ous. Ovary  one-celled  with  parietal  placentae,  or  4  -  5-celled  (Fig. 
375,  497,  498,  508,  509).  Capsule  with  septicidal  dehiscence  (Fig. 
582),  many-seeded.  —  Ex.  Hypericum  (St  Johnswort)  is  the  type 
of  this  small  family.     Embryo  straight ;    albumen  little  or   none* 


EX00RN0U3   OB   DIC01 

The  plfinta  yield  a  reaiiUMU  acrid  juice,  and  a  bitter,  balsamic  ez- 
tractiTe  matter. 


762.  Ord.  ElalinaeCB  (WiUerwort  Familg).  Small  annual  weeds 
with  membranaceous  stipules  between  the  opposite  leaves,  and  mi- 
nute axillary  flowers.  Sepals  and  petals  three  to  five.  Stamens  as 
many  or  twice  as  many  as  the  petals,  distinct.  Capsule  2  —  5-celled, 
septicidal  or  septifragal;  tlie  numerous  seeds  attached  to  a  persist- 
ent central  axis.  Albumen  none.  —  Sx.  Elaline  is  the  type  of  this 
order,  eont^ning  a  few  insignificant  weeds. 

763.  DM.  CarfOphjllBCCn  (Pi»i  Family).  Herbs,  with  opposite 
entire  leaves ;  the  stems  tumid  at  the  nodes.  Flowers  regular. 
Calyx  of  four  or  five  sepals.  Corolla  of  four  or  five  petab,  or 
sometimes  wanting.  Stamens  as  many,  or  commonly  twice  as  many, 
as  the  petals,  sometimes  reduced  to'two  or  three.  Styles  two  to 
five,  stigmatose  down  the  inside.  Ovary  mostly  one-celled,  with  a 
central  or  basilar  placenta,  forming  a  pod  in  fruit  Embryo  periph- 
eric, curved  or  coiled  around  the  outside  of  mealy  albumen  (Fig. 
«20,  621,  726).  —  There  are  five  principal  suborfers,  viz. :  — 

764.  Sabord.  Siltnes  (Pint  Family  proper)  ;  in  which  the  sepals 
are  united  into  a  tube,  and  the  petab  (mostly  convolute  in  aestiva- 
tion) and  stamens  are  inserted  on  the  stipe  of  the  ovary,  the  former 
with  long  claws  (Fig.  432,  449),  and  there  are  no'  stipules. — Mx. 
Silene,  Dianthus  (Pink,  Carnation). 

705.  Snbord.  AlsinCfC  {Chickweed Family);  in  which  there  are  no 
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Stipules,  the  OTary  is  sessile,  the  sepals  and  petals  (imbricated  in 
testivation)  are  nearly  or  quite  distinct ;  the  petals  destitute  of  claws ; 
and  the  stamens  are  inserted  into  the  margin  of  a  small  hypogynous 
disk,  which,  however,  occasionally  coheres  with  the  base  of  the  calyx, 
and  becomes  perigynous. — S!x.  Stellaria,  Arenaria,  &c.  (Chick- 
weeds).  Some  are 
:/J  w    H  >^      ornamental ;  others, 

such  as  the  common 
Chickwieed,  are  in- 
significant weeds. 

766.  Sabord.   nie- 

CfbreS  {Knotwort 
Family) ;  differing 
from  the  last  main- 
ly in  having  sca- 
rious  stipules  ;  the 
sepals  often  united 
below ;  the  petals 
oflen  wanting  or  ru- 
dimentary; the  sta- 
mens manifestly  pe- 
rigynous ;  and  the 
fruit  more  commonly 
a  one-seeded  utricle. —  jEr.  Paronychia  and  Anychia.  Spergula  has 
conspicuous  petals,  and  many-seeded  capsules ;  and  so  differs  from 
Alsinese  only  in  its  stipules.     Insignificant  weeds. 

767.  Snbord.  SeleraDthes  (Knawel  Family)  is  like  the  last,  only 
there  are  no  stipules.  —  JEx.  Scleranthus. 

768.  Snbord.  Hollngineffi  (Carpet-weed  Famify)  is  apetalous  with- 
out stipules,  and  has  the  stamens  alternate  with  the  sepals  when  of 
the  same  number ;  thus  effecting  a  transition  to 

769.  Ord.  Portalaeaeeffi  {Purslane  Family).  Succulent  or  fleshy 
herbs,  with  entire  exstipulate  leaves  and  usually  ephemeral  flowers. 
Calyx  mostly  of  two  or  three  sepals,  sometimes  cohering  with  the 
base  of  the  ovary.  Petals  five,  or  rarely  more  numerous,  sometimes 
none.  Stamens  variable  in  number,  but  when  equal  to  the  petals 
situated  opposite  them.     Styles  two  to  eight,  united  below.     Capsule 


FIG.  724.    Moehxingia  lateriflora.    725   A  magnified  flower.    7^6.  Magnified  section  of  a 
•eed,  showing  the  embryo  coiled  into  a  ring  azoond  the  albumen..    727.  Vertical  section  of  a 

pistil  of  Spergularia. 
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with  few  or  numerous  seeds,  attached  to  a  central  basilar  placenta, 
often  hj  slender  funiculi.  Seed  and  embryo  as  in  Carjophyllaceae. 
—  Ux.  Portulaca  (Purslane,  Fig.  389,  588)  ClaTtonia.  Chiefly 
natiyes  of  dry  places  in  the  warmer  parts  of  the  world;  except 
Claytonia.  Insipid  or  slightly  bitter :  several  are  pot-herbs,  as  the 
Purslane.     Some  are  ornamental.     The  farinaceous  root  of  Lewisia 


T!S 


redivira,  a  native  of  the  dry  interior  plains  of  Oregon,  is  an  impor- 
tant article  of  food  with  the  natives. 

770.  Ord»  Hissembryaathemaeee  {Fig-Marigold  Family)  consists  of 

succulent  plants,  with  showy  flowers  opening  only  under  bright  sun- 
shine, containing  an  indefinite  number  of  petals  and  stamens,  and  a 
many-celled  and  many-seeded  capsule :  otherwise  much  as  in  Caryo- 
phyllaceae.  —  Ex.  Mesembryanthemum  (Fig-Marigold,  Ice-plant)  ; 
chiefly  natives  of  the  Cape  of  Grood  Hope,  flourishing  in  the  most 
arid  situations. 

771.  Ord.  MalvocCS  {Mallow  Family).  Herbs,  shrubs,  or  rarely 
trees.  Leaves  alternate,  palmately  veined,  with  stipules.  Flowers 
regular,  often  with  an  involucel,  forming  a  double  calyx.  Calyx 
mostly  of  Ave  sepals,  more  or  less  united  at  the  base,  valvate  in 

FIO.  728  Flower  of  the  Parslane ;  the  calyx  cut  away  at  the  point  where  it  adheres  to  the 
OTary,  and  laid  open.  729.  A  capsule  (pyxis)  of  the  same,  transversely  dehiscent.  730.  Clay- 
tonia Virginica  (Sprinj^-Beanty).  731  Diagram  of  the  flower.  732.  Toung  Aroit  and  the  per- 
sistent two-leaved  calyx.  738.  Section  of  the  dehiscing  capsule.  734.  A  seed.  735.  The 
same,  vertically  divided.    736.  The  embryo,  detached.    " 
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estivation.  Petals  as  many  as  the  sepa]^  convolute  in  lestiTation, 
hypogj'nous.  Stamens  indefiniie,  monadelphous,  united  with  the 
claws  of  the  petals :  anthers  renirorm,  conflueutly  one-celled.  Pollen 
hispid  (Fig.  483).  Ovaiy  several-celled,  with  the  placenta;  in  the 
axis;  or  ovaries  several.  Fruit  capsular,  or  the  carpels  separate 
or  separable.  Seeds  with  a  little  mucilaginous  or  fle^y  albumen. 
Embryo  large,  with   foliaceous  cotyledons,  variously  incurved  or 


folded.  —  J5c.  Malva  (Mallow),  Altluea  (Hollyhock),  Gossypium 
(Cotton),  &c.:  a  rather  large  and  important  family,  the  herbage, 
&c  commonly  abounding  in  mucilage,  and  entirely  destitute  of  un- 
wholesome qualities.  The  unripe  fruit  of  Abelmoschua  or  Hibiscus 
Cisculentus  (Ukra)  is  used  in  soups.  Althaea  ofHcinalis  is  tlie  Marsh 
Mallow  of  Europe,  the  Guimauve  of  the  French.  The  tenacious 
inner  bark  of  many  spedes  is  employed  for  cordage.  Cotton  is  the 
hairy  covering  of  the  seeds  of  Gossypium :  the  loi^  and  slender 
tubes,  or  attenuated  cells,  collapse  and  twist  as  the  seed  ripens, 
which  renders  the  substance  capable  of  being  spun.  Cotton.seed 
yields  a  good  fiiced  oil.  Some  epecies  are  cultivated  for  ornament. 
772.  Ord.  ByUneriateu  is  distinguished  from  the  foregoing  by  iU 
usually  definite  siamens,  and  the  two-celled  anthers  (the  cells  par- 
allel), with  smooth  pollen.  —  A  Melochia  and  a  Hermannia  are 
found  in  Texas.  The  rest  of  the  order  is  tropical  or  sublropicaL 
Chocolate  is  made  of  the  roasted  and  comminuted  seeds  cS  Theo- 
broma  Cacao  (a  South  American  tree),  mixed  with  sugar,  amotto, 
vanilla,  and  other  ingredients.  The  roasted  integuments  of  the  seeds^ 
also,  are  used  as  a  substitute  for  coSee. 

no.  73T.    TbeUlnhHiUD*(AIUuHaffii:lDiiIti).  TS8.  Ooeof  UwlddiHr4hii|iKtODMa1I^ 
uUhti,  migiilBad.    73S.  Tb«  plMlli,  magiiiaed.    TIO.  C&panle  of  Hiblanu 
Uw  Iwnbteut  cilyjc  azid  IiitdIuckI.    T41.  ILe^iLme,  locullcuUlly  d«hUo«at. 
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773.  Ord.  StereoliaeeC,  very  clo^ly  allied  to  the  last  two,  and  con- 
sisting of  tropical  trees,  possesses  the  same  mucilaginous  pit>pertie8 
(as  well  as  oily  seeds),  with  which  bitter  and  astringent  qualities  are 
oflen  combined*  The  seeds  of  Bombax,  the  Silk-cotton  tree,  are 
enveloped  in  a  kind  of  cotton,  which  belongs  to  the  endocarp  and 
not  to  the  seed ;  and  the  hairs,  being  perfectly  smooth  and  even,  can- 
not be  spun.  Canoes  are  made  from  the  trunk  of  the  huge  Bombax 
Ceiba,  in  the  West  Indies.  To  this  order  belongs  the  famous 
Baobab,  or  Monkey-bread,  of  Senegal  (Adansonia  digitata),  some 
trunks  of  which  are  from  sixty  to  eighty  feet  in  circumference  I 
The  fruit  resembles  a  gourd,  and  serves  for  vessels ;  it  contains  a 
subacid  and  refrigerant,  somewhat  astringent  pulp;  the  mucilagi- 
nous young  leaves  are  also  used  for  food  in  time  of  scarcity ;  the 
dried  leaves  (Zafo)  are  ordinarily  mixed  with  food,  and  the  bark 
furnishes  a  coarse  thread,  which  is  made  into  cordage  or  woven  into 
doth.  Cheirostemon  platanoides  is  the  remarkable  Hand-flower 
tree  of  Mexico.  A  plant  of  the  family  (Fremontia,  Torr.)  nearly 
allied  to  Cheirostemon  has  been  found  in  California,  by  Fremont 

774.  Ordf  TillaceS  (Linden  Family).  Trees  or  shrubby  plants, 
with  alternate  leaves,  furnished  with  deciduous  stipules,  and  small 
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flowers.     Calyx  deciduous.     Petals  sometimes  imbricated  in  sestiva- 

FIO.  742.  Flowering  bnoch  of  Tilia  Americftna,  the  common  American  Linden ;  the  flower* 
•talk  cohering  with  the  bract.  743.  One  of  the  clusters  of  stamens  adhering  to  the  petaloid 
scale.  744.  The  pistil.  745.  Cross-section  of  the  fruit,  which  has  become  one-celled  by  the 
obliteration  of  the  partitions,  and  one-seeded.  746  Vertical  section  of  the  seed,  magnified,  to 
show  the  large  embryo  with  its  taper  radicle  and  foliaceous  crumpled  cotyledons.  (A  better 
section  of  the  seed,  cat  in  the  direction  across  the  cotyledons,  is  shown  in  I'ig  699.)  747. 
Diagram  of  the  flower. 
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tion.  Stamens  indefinite,  often  in  three  to  five  dusters,  distinct  or 
somewhat  united,  one  of  each  parcel  often  transformed  into  a  peta- 
loid  scale  (Fig.  383,  743) :  anthers  two-cellod.  Styles  united  into 
one.  Fruit  two  to  five-celled,  or,  bj  obliteration,  one-celled  when 
ripe.  In  other  respects  nearly  as  in  Malvaceae.  —  Tilia,  the  Linden, 
or  Lime-Tree,  represents  the  order  in  northern  temperate  regions ; 
the  other  genera  are  tropical.  All  are  mucilaginous,  with  a  tough 
fibrous  inner  bark.  From  this  host  or  h<u9  ci  the  Linden,  the  Rus- 
sian mats,  &c  are  made,  whence  the  name  of  Basswood.  Gunny- 
bags  and  fishing-nets  are  made  in  India  from  the  bark  of  Corchorus 
capsularis ;  the  fibre  of  which,  called  Jute,  is  spun  and  woven.  The 
light  wood  of  the  Linden  is  excellent  for  wainscoting  and  carv- 
ing :  its  charcoal  is  used  for  the  manufacture  of  gunpowder.  It  is 
said  that  a  little  sugar  may  be  obtained  from  the  sap :  and  the  honey 
made  from  the  odorous  flowers  is  thought  to  be  the  finest  in  the 
world.  The  acid  berries  of  Grewia  sapida  are  employed  in  the 
East  in  the  manufacture  of  sherbet. 

775.  Ordi  DipteroearpeS)  allied  in  some  respects  to  Tiliacese,  con- 
sists of  a  few  tropical  Indian  trees,  with  a  resinous  or  balsamic  juice. 
Dryobalanops  aromatica,  a  large  tree  of  Sumatra  and  Borneo,  yields 
in  great  abundance  camphor  oil  and  solid  camphor :  both  are  found 
deposited  in  cavities  of  the  trunk.  It  is  more  solid  than  conunon 
camphor,  and  is  not  volatile  at  ordinary  temperatures.  It  bears  a 
high  price,  and  is  seldom  found  in  Europe  or  this  country,  but  is 
chiefly  carried  to  China  and  Japan.  Shorea  robusta  yields  the 
Damtner-pitch.  Yateria  Indica  exudes  a  kind  of  copal,  the  Crum 
Animi  of  commerce  i  and  a  somewhat  aromatic  fatty  matter,  called 
Piney  Tallow,  is  derived  from  the  seeds. 

776.  Ord.  GatUferffi,  or  Clnsiaces,  consists  of  tropical  trees,  with  a 
yellow  resinous  juice,  opposite  and  coriaceous  entire  leaves,  and 
large  flowers  with  many  stamens,  little  distinction  between  the 
sepals  and  petals,  no  styles,  an  mdehiscent  fruit,  and  seeds  with  a 
peculiar  undivided  fleshy  embryo.  It  has  been  associated  with  Hy- 
pericacea^,  but  is  more  related  to  the  ensuing  families.  The  resin- 
ous juice  is  acrid  and  drastic ;  that  of  a  Ceylonese  tree  of  the  order 
yields  Gamboge.  It  is  remarkable  that  such  an  order  should  pro- 
duce one  of  the  most  esteemed  fruits,  viz.  the  Mangosteen,  yielded  by 
Garcinia  Mangostana  of  Malacca,  and  also  the  Mammee-apple,  &c. 

777.  Ord.  Camelliacese  (Camellia  or  Tea  Family).  Trees  or  shrubs, 
with  a  watery  juice,  alternate  simple  leaves  without  stipules,  and 
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large  and  showy  flowers.  Calyx  of  three  to  seven  coriaceous  and 
concave  imbricated  sepals.  Petals  five  or  more,  imbricated  in  aesti- 
vation. Stamens  hypogynous,  indefinite,  monadelphous  or  polyadel- 
phous at  the  base.  Capsule  dehiscent,  several-celled,  usually  with  a 
central  column.  Seeds  few  in  each  cell,  large,  oflen  winged,  with 
or  without  albumen.  —  The  Camellia  and  the  closely  related  Tea- 
plant  form  the  type  of  this  family,  to  which  belong  our  Gordonia 
and  Stuartia.  The  leaves  of  Tea  contain  a  peculiar  extractive  mat- 
ter, and  an  ethereal  oil ;  its  moderately  stimulant  properties  are 
said  to  become  narcotic  in  very  hot  climates. 

778.  Oidt  Trrnstramiaees,  chiefly  tropical,  with  which  the  last  has 
been  confounded,  by  its  aspect,  its  commonly  polygamous  flowers, 
and  more  or  less  gamopetalous  corolla,  &c.,  appears  on  the  whole 
to  be  more  allied  to  the  Ebenacea;  and  Symplocineae. 

779.  Ord.  AnrantiaeeS  (Orange  Family).  Trees  or  shrubs,  with 
alternate  leaves  (compound,  or  with  jointed  petioles),  destitute  of 
stipules,  dotted  with  pellucid  glands  full  of  volatile  oil.  Flowers 
fragrant  Calyx  short,  urceolate  or  campanulate.  Petals  three  to 
^YQ.  Stamens  inserted  in  a  single  row  upon  a  hypogynous  disk 
(Fig.  434),  often  somewhat  monadelphous  or  polyadelphous.  Style 
cylindrical.  Fruit  a  many-celled  berry,  with  a  leathery  rind,  filled 
with  pulp.  Seeds  without  albumen.  —  Ex,  Citrus,  the  Orange  and 
Lemon.  Nearly  all  natives  of  tropical  Asia ;  now  dispersed  through- 
out the  warmer  regions  of  the  world,  and  cultivated  for  their  beauty 
and  fragrance,  and  for  their  grateful  fruit.  The  acid  of  the  Lemon, 
Lime,  &c.  is  the  citric  and  the  malic.  The  rind  abounds  in  a  vola- 
tile oil  (such  as  the  Oil  of  Bergamot  from  C  Limetta),  and  an  aro- 
matic, bitter  principle. 

780.  Ord.  Hellaces.  Trees  or  shrubs,  with  alternate,  usually  com- 
pound leaves,  destitute  of  stipules.  Calyx  of  three  to  five  sepals. 
Petals  three  to  five.  Stamens  twice  as  many  as  the  petals,  mona- 
delphous, inserted  with  the  petals(§Dn  the  outside  of  an  hypogynous 
disk ;  the  anthers  included  in  the  tube  of  filaments.  Ovary  several- 
eelled,  ivith  one  or  two  ovules  in  each  cell :  styles  and  stigmas  united 
into  one.  Fruit  a  drupe,  berry,  or  capsule;  the  cells  one-seeded. 
Seeds  without  albumen,  wingless.  —  Ex,  Melia  Azedarach  (Pride  of 
India),  naturalized,  as  an  ornamental  tree,  in  the  Southern  States. 
An  acrid  and  bitter  principle  pervades  this  tropical  order. 

781.  Ord.  Cedrelaces  {Mahogany  Family),  Trees  (tropical  or 
Australian),  with  hard  and  durable,  usually  fragrant  and  beautiful 
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wood  ;  differing  botanicallT-  Jrom  Ifelncete  chiefly  bj  their  capsular 
fruit,  with  several  winged  seeds  in  each  cell.  —  Ex.  The  Mahogany 
(Swietenia  Mahagoni)  of  tropical  America,  reaching  to  East  Flor- 
ida. Bark,  &c.  bitter,  astringent,  tonic,  often  aromatic  and  febrifugal 
782.  Ord.  Llnaeea  '{Flax  Family).  Herbs,  with  entire  and  sessile 
leaves,  either  alternate,  opposite,  or  verticiUate,  and  no  stipules,  ex- 
cept minute  glands.  Flowers  regular  and  symmetrical.  Calyx  of 
three  or  five  persistent  sepals,  strongly  imbricated.  Petals  as  many 
ad  the  sepals,  convolute  in  ccstivation.  Stamens  as  many  as  the 
petab,  and  usually  with  as  many  intermediate  teeth  representing  an 
abortive  series  (Fig.  423),  all  united  at  the  base  into  a  ring,  hypogy- 


nous.  Ovary  with  as  many  styles  and  cells  as  there  are  sepals, 
each  cell  with  two  suspended  ovules ;  the  cells  in  the  capsule  each 
more  or  less  divided  info  two,  by  a  false  par- 
tition which  grows  from  (be  back  (Fig.  750) ; 
the  spurious  cells 

one-seeded.  £m-  i^^^^  /^^^ 
bryo  straight:  '^^^^|  K^B^^Q 
cotyledons  flat, 
fleshy  and  oily, 
™  surrounded  Jy  a  ™ 

thin  albumen. — Ek.  Linum,  the  Flax,  The  tough  woody  fibre  of 
the  bark  {Jlaa:')  is  of  the  highest  importance :  the  seeds  yield  a 
copious  mucilage,  and  the  fixed  oil  expressed  from  them  is  applied 
to  various  uses  in  the  arts.  The  general  plan  of  the  flower  is  the 
same  in  the  succeeding  orders. 
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783.  Ord.  GtruiBCefB  {CranetbiU  Family).  Herbs  or  shrubby 
planU,  commonly  strong-ecented ;  with  pabnately  veined  and  usually 
lobed  leaves,  mostly  with  etipulea ;  the  lower  opposite.  Flowers 
regular. —  Calyx  of  five  persistent  sepals,  imbricated  in  Kstivation. 
Petals  five,  with  cl&ws,  mostly  convolute  in  teativation.  Stamens  10, 
the  five  exterior  bypogynous,  occasionally  sterile  ;  the  filaments  all 
broad  and  often  united  at  the  base  ;  five  glands  within  and  alternate 
with  the  petals.  Ovary  of  five  two-ovuled  carpels,  attached  to  the 
base  of  an  elongated  axis  (gynobase.  Fig.  430,  431)  to  which  the 
styles  wriiere :  in  fruit  the  distinct  one-seeded  carpels  separate  from 
the  axis,  by  the  twisting  or  curling  back  of  the  persistent  indurated 


styles  from  the  base  upwards.  Seeds  with  no  albumen :  cotyledons 
convolute  and  plaited  together,  bent  on  the  short  radicle.  For  the 
plan  of  the  hlosMtm  see  p.  264,  and  Fig.  421.  Our  cultivated 
Geraniums,  so  called,  from  the  Cape  of  Good  HApe,  ar«  species  of 
Pelargonium.  The  roots  are  simply  and  strongly  astringent.  The 
foliage  abounds  with  resinous  matter  and  an  ethereal  oil,  on  which 
the  aroma  depends. 

784.  Ord.  BalUUniDltea  (Balsam  Family).  Annual  herbs,  with 
succulent  stems  filled  with  a  watery  juice.  Leaves  simple,  without 
stipules.  Flowers  jrregular,  aad  one  of  the  colored  sepals  spurred 
or   saccate.      Stamens  five,  cohering  by  an   internal  appendage. 

FIO.  T53.  Radical  tguT  oT  Qenolnm  muulitiuii  CCmnuMl]],  T54  A  flDwnIng  bnnch. 
T65.  A  Sonn  with  Iba  aljx  ni  corolla  remoied  sboalng  Iha  sUmeni,  be  16B.  Tha  piatll 
In  TruLt ;  ths  laduiated  itjleo  KpijatlDg  IkIow  from  the  proloDgfld  axia^  and  cllttId^  back 
cl>silc«lly,  can^lDg  vltb  them  ILie  membnDoua  carpels.  757.  'A  ma^fled  Had.  TJ>S.  A 
eiasg-Hctlon  of  Uh  wne,  BbowlDg  the  fuldod  and  codtdIuU  cotjlBdmu. 
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Compound  ovary  five-celled;  stigmas  sessile.  Capsule  bursting 
elastically  by  five  valves.  Seeds  several,  without  albumen,  and  with 
a  thick  straight  embryo.  —  Bx,  Impatiens,  the  Balsam,  or  Touch- 
me-not.  Remarkable  for  the  elastic  force  with  which  the  capsule 
bursts  in  pieces,  and  expels  the  seeds.  Somewhat  differently  irreg- 
ular blossoms  are  presented  by  the 

785.  Ordt  TropnolaceS  {Indian-Cress  or  Nasturtium  Family). 
Straggling  or  tMrining  herbs,  with  a  pungent  watery  juice,  and  peltate 
or  palmate  leaves.  Flowers  irregular.  Calyx  of  five  colored  and 
united  sepals,  the  lower  one  spurred.  Petals  ^\q  ;  the  two  upper 
arising  from  the  throat  of  the  calyx,  remote  from  the  three  lower, 
which  are  stalked.  Stamens  eight,  unequal,  distinct.  Ovary  three- 
lobed,  composed  of  three  united  carpels ;  which  separate  from  the 
common  axis  when  ripe,  are  indehiscent,  and  one-seeded.  Seed 
filling  the  cell,  without  albumen :  cotyledons  very  large  and  thick.  — 
Ex,  Tropseolum,  the  Garden  Nasturtium,  from  South  America, 
where  there  are  a  few  other  species,  one  of  which  bears  edible  tubers. 
They  possess  the  same  acrid  principle  and  antiscorbutic  properties 
as  the  CruciferjB.  The  unHpe  fruit  of  Tropseolum  majus  is  pickled, 
and  used  as  a  substitute  for  capers. 

786.  Ord.  LimnaDthaces  differs  from  the  last  only  in  its  regular  and 
symmetrical  blossoms,  and  the  erect  instead  of  suspended  seeds ;  the 
calyx  valvate  in  a5stivation.  —  Ex,  Limnanthes  of  California  (some- 
times cultivated  as  an  ornamental  annual),  and  Floerkea  of  the 
Northern  United  States. 

787.  Ord.  Oialidaceffi  (  Wood-Sorrel  Family).  Low  herbs,  with  an 
acid  juice,  and  alternate  compound  leaves ;  the  leafiets  usually  ob- 
cordate.  Flowers  regular,  of  the  same  general  structure  as  in  Li- 
nacese,  &c,  excepf  the  gynaecium,  which  in  fruit  forms  a  membra- 
naceous five-lobed  and  five-celled,  several-seeded  capsule.  Seeds 
with  a  fieshy  outer  coat,  which  bursts  elastically  when  ripe,  with  a 
large  and  straight  embryo  in  thin  albumen.  —  Ex.  Oxalis,  the 
Wood-Sorrel.  The  herbage  is  sour,  as  the  name  denotes,  and  con- 
tains oxalic  acid.  The  foliage  is  remarkably  sensitive  in  some  spe- 
cies. The  tubers  of  scMne  South  American  species,  filled  with  starch,' 
have  been  substituted  for  pptatoes, 

788.  Ord.  Zygopbyllaeeffi  differs  from  the  last  in  the  opposite, 
mostly  abruptly  pinnate  leaves,  distinct  stamens  (the  filaments  com- 
monly furnished  with  an  internal  scale.  Fig.  379),  and  the  styles 
united  into  one.  —  Ex.  Tribulus  and  Kallstroemia  (introduced  into 
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the  Southern  States)  are  exalbuminous ;  the  latter  U  10-roccoui<, 
just  as  Linum  is,  by  a  fake  partitiiHi.  Guaincum,  Lorrea  (Creo- 
sote-plant of  Kew  Mexico  and  Texas),  and  tlie  rest  of  the  fiimily, 
have  a  corneous  albumen.  Tlie  wood  of  Guaiacum  {Lignum-vita) 
is  extremely  liard  and  heavy,  and  yields  a  gum-resinoua,  bitter,  and 
acrid  principle  (  Gum  Guaiacum),  well  known  in  medicine. 

789.  Old.  SimanibBees  (Quagsia  Family),  of  tropical  shrubs  or 
trees,  resembles  the  last  in  generally  having  a  peculiar  scale  to  the 
filaments.  It  is,  however,  more  nearly  related  to  the  next  order, 
but  its  apocarpous  ovaries  are  on»«Tuled,  and  the  (mostly  com- 
pound) leaves  are  dotless.  The  wood,  &C.  b  intensely  bitter :  that 
of  Quassia  amara  is  used  as  a  stomachic  tonic.  The  seed  of  Cedron 
(Simaba  Cedron)  is  the  famous  antidote  for  the  bites  of  venomous 
snakes  in  Central  America. 

790.  Ord.  BntactS  {Rue  Family).  Herbs,  shrubs,  or  trees ;  the 
leaves  punctate  with  peUucid  dots,  and  without  stipules.  Calyx  of 
four  or  five  sepals.     Petals  four  or  five,  or  rarely  none.     Stamens 


as  many  or  twice  (rarely  three  times)  as  many  as  the  petals,  insert- 
no.  T69.  A  aowerlng  bnocb  of  ZUiUkoiTtam  Ameriouiiua  (Itas  NotUmid  PikkiT  Aifa). 
TfiO.  A  pisce  of  s  legj,  to  >how  tbe  p«llucld  doU.  T61.  BUmlniHi  flover,  762.  A  pistlLIsM 
noncr,  tha  npali  iprod  opeo.  T63,  Two  of  tbe  pUUli ;  aae  of  lh«n  diTtdsd  Tenksllr  to  abov 
Uwornki.    TU.  A  bnnch  In  fruit.    T6S.  One  of  Cht  OebiKtot  pod>.  ud  Uia  h*!.    766  Ver. 
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ed  on  the  outside  of  a  hypogjnous  disk.  Oyary  three-  to  fire-lobedy 
three-  to  five-celled,  with  the  styles  united,  or  distinct  only  at  the 
base,  or  the  ovaries  nearly  separate,  during  ripening  usually  sepa- 
rating into  its  component  carpels,  which  are  dehiscent  by  one  or 
both  sutures.  Seeds  few  or  single,  mostly  with  albumen ;  and  a 
curved  embrya — .Ex.  Ruta  (the  Rue),  Dictamnus  (Fraxinella),  of 
Europe.  Diosma  and  its  allies,  of  the  Cape  of  Good  Hope,  New 
Holland,  &c.,  form  a  group,  or  suborder  (Diosmeje)  from  which  the 
ZANTiioxYLEiE  (or  Prickly-Ash  Family)  differs  only  in  being  gen- 
erally dioecious ;  but  have  no  claim  to  be  ranked  as  a  distinct  order. 
Strong-scented,  bitter-aromatic,  often  very  pungent,  from  an  acrid 
volatile  oil  (as  Rue  and  Zanthoxylum)  ;  also  bitter.  Some  contain 
a  bitter  alkaloid,  and  are  febrifugal.  The  most  important  is  the 
Galipea,  which  furnishes  the  Angostura  hark. 

791.  Ord.  Anaeardiaees  {Cashew  Family/).  Trees  or  shrubs,  with 
a  resinous  or  milky,  oflen  acrid  juice,  which  turns  blackish  in  dry- 
ing ;  the  leaves  alternate,  without  stipules,  and  not  dotted.  Flowers 
small,  often  polygamous  or  dioecious.  Calyx  of  three  to  five  sepals, 
united  at  the  base.  Petals,  and  usually  the  stamens,  as  many  as  the 
sepals,  inserted  into  the  base  of  the  calyx  or  into  an  hypogynous  disk. 
Ovary  one-celled,  but  with  three  styles  or  stigmas,  and  a  single  ovule. 
Fruit  a  beny  or  drupe.  Seed  without  albumen.  Embryo  curved 
or  bent.  —  Ex.  Rhus,  Anacardlum  (the  Cashew),  Pistacia.  Chiefly 
tropical ;  except  Rhus.  The  acrid  resinous  juice  is  used  in  var- 
nishes ;  but  it  often  contains  a  caustic  poison.  Even  the  exhaLitions 
from  Rhus  Toxicodendron  (Poison  Oak,  Poison  Ivy),  and  R.  vene- 
nata (Poison  Sumach,  Poison  Elder),  as  is  well  known,  severely 
affect  many  persons,  producing  a  kind  of  erysipelas.  Their  juice  is 
a  good  indelible  ink  for  marking  linen.  But  the  conmion  Sumachs 
(R.  typhina  and  R.  glabra)  are  innocuous  ;  their  bark  or  leaves  are 
used  for  tanning,  and  their  sour  berries  (which  contain  bimalate  of 
lime)  for  acidulated  drinks.  The  oily  seeds  of  Pistacia  vera  (the 
Pistachio-nut)  are  edible;  and  the  drupe  of  Mangifera  Indica 
(Mango)  is  one  of  the  most  grateful  of  tropical  fruits.  The  kernel 
of  the  Cashew-nut  (Anacardium  occidentale)  is  eatable ;  and  so  is 
the  enlarged  and  fleshy  peduncle  on  which  the  nut  rests :  but  the 
coats  of  the  latter  are  filled  with  a  caustic  oil,  which  blisters  the 
skin ;  while  from  the  bark  of  the  tree  a  bland  gum  exudes. 

792.  Ord.  BnrSCraCCS,  including  a  great  part  of  what  were  formerly 
called  Terebinthaceae,  consists  of  tropical  trees,  with  a  copious  resin- 
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ous  juice,  compound  leaves  uaually  marited  with  pellucid  doU,  and 
small  flowers ;  with  valvate  petals,  a  two-  to  five-oelled  ovary,  and 
drupaceous  fruit.  Their  balsamic  juice,  which  flows  when  the  trunk 
13  wounded,  usually  hardens  into  a  resin.  The  (Mibanum,  used  as  a 
fragrant  incense,  the  Balm  of  GiUad,  Saltam  of  Mecca,  Afyrrh,  and 
the  BdetUum,  are  derived  from  Arabian  species  of  the  order ;  the  East 
Indian  Gwn  £kmi,  from  Canarium  commune  ;  Baltam  of  Acouehi, 
and  similar  substances,  from  Tarious  American  trees  of  this  family. 

793.  Ord.  ImyridBtes  consists  of  a  few  West  Indian  plants,  inter- 
mediate as  it  were  between  Buraeracev  and  Leguminosce,  and  dis- 
tinguished from  the  former  chiefly  by  their  simple  and  sohtary  ovary. 
— Very  probably  this  and  the  two  last  are  to  be  recombined. 


79i  Ord.  TllaceB  ( Vitu  Family).     Shrubby  plants,  climbing  by 
tendrils,   with   simple  or  compound  leaves,  the  upper   alternate. 


TTS  .  A  li<Hi»DUl  plui  of  Uk 


408       ILLUSTUATIOKS  OF  THE  NATURAL  ORDKRS. 

Flowers  small,  oAen  polygamous  or  dioecious.  Calyx  very  small^ 
filled  with  a  disk  ;  its  limb  short  or  obsolete.  Petals  4  or  e5,  valTu^e 
in  aBstivation,  sometimes  cohering  by  their  tips,  and  caducous.  Sta- 
mens as  many  as  the  petals  and  opposite  them !  Ovary  two-celled, 
with  two  erect  ovules  in  each  cell.  Fruit  a  berry.  Seeds  with  a 
bony  testa,  and  a  small  embryo  in  hard  albumen.  —  JEx.  Yitis  (the 
Vine),  Ampelopsis  (the  Virginia  Creeper).  The  fruit  of  tlie  Vine 
is  the  only  important  product  of  the  order.  The  acid  of  the  grape, 
which  also  pervades  the  young  shoots  and  leaves,  is  chiefly  the  tar- 
taric. Grape-sugar  is  very  distinct  from  cane-^ugar,  and  the  only 
kind  that  can  long  exist  in  connection  with  acids. 

795.  Old.  Shanuiaees  (Buckthorn  Fcanily).  Shrubs  or  trees,  oAen 
with  spinose  branches ;  the  leaves  mostly  alternate,  simple.  Flowers 
smalL  Calyx  of  four  or  five  sepals,  united  at  the  base,  valvate  in 
aestivation.  Petals  four  or  five,  cucullate  or  convolute,  inserted  on 
the  throat  of  the  calyx,  sometimes  wanting.  Stamens  as  many  as 
the  petals,  inserted  with  and  opposite  them !  Ovary  sometimes 
coherent  with  the  tube  of  the  calyx,  and  more  or  less  immersed  in  a 
fleshy  disk,  with  a  single  erect  ovule  in  each  cell  (Fig.  435,  436). 
Seeds  not  arilled.  Embryo  straight,  large,  in  sparing  albumen.  — 
Ex.  Rhamnus  (Buckthorn)  is  the  type  of  the  order.  The  berries 
of  most  species  are  somewhat  nauseous ;  but  those  of  Zizyphus  are 
edible.  Jujube  paste  is  prepared  from  those  of  Z.  Jujuba  and  Z. 
vulgaris  of  Asia.  Syrup  of  Buckthorn  and  the  pigment  called  Sap- 
green  are  prepared  from  the  fruit  of  Ehamnus  catharticus.  .  The 
herbage  and  bark  in  this  order  are  more  or  less  astringent  and 
bitter.  An  infusion  of  the  leaves  of  Ceanothus  Americanus  (thence 
called  New  Jersey  Tea)  has  been  used  as  a  substitute  for  tea,  and  a 
very  poor  one  it  is. 

796.  Ord.  Celastraces  {Spindk-tree  Family).  Shrubs  or  trees, 
with  alternate  or  opposite  simple  leaves.  Calyx  of  four  or  five 
sepals,  imbricated  in  aestivation.  Petals  as  many  as  the  sepals,  in- 
serted under  the  flat  expanded  disk  which  closely  surrounds  the 
ovary,  imbricated  in  aestivation.  Stamens  as  many  as  the  petals, 
and  alternate  with  them,  inserted  on  the  margin  or  upper  surface 
of  the  disk.  Ovary  free  from  the  calyx.  Fruit  a  capsule  or  berry, 
with  one  or  few  seeds  in  each  cell.  Seeds  usually  arilled,  albumi- 
nous, with  a  large  and  straight  embryo.  —  Ex.  Celastrus,  Euonymus 
(Burning  Bush,  Spindle-tree,  Strawberry-tree)  ;  all  somewhat  bitter 
and  acrid ;  but  of  little  economical  imj)ortance.     The  red  or  crim- 
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Mn  capntlea  and  bright  scarlet  arils  of  serenJ  species  present  a 
Btriking  appearance  when  the  fruit  is  ripe. 

797.  Old.  HalpighiaMtE  is  a  large  tropical  family  (with  erne  or  two 
representatives  in  Texas),  of  trees,  shrubs,  and  twining  plants,  with 
opposite  entire  leaves,  unguiculate  petals,  and  solitary  seeds  wilh  a 
curved  embryo ;  differing  from  the  next  in  the  want  of  a  disk,  the 
more  symmetrical  Hewers,  &c. 

798.  Ord.  SapiaduCB  (Soapberry  Family).  Trees,  shnibs,  or  climb- 
ers with  tendrils,  rarely  herbs,  with  simple  or  compound  leaves,  and 
mostly  unsymmetrical  or  irregular  flowers ;  the  sepals  and  petals 
imbricated  in  K^stivation.  Stamens  5  to  10,  inserted  on  a  fleshy 
perigynoua or  hypogynous  disk.  Ovary  2-3.ceUed,  2-3-Iobed,  with 
one  or  two  (in  Staphylea  several)  ovules  in  each  cell ;  the  embryo 
(except  in  Staphylea)  curved  or  convolute  and  without  albumen. — 
Includes  a  variety  of  forms,  the  greater  part  of  which  may  be  ranged 
under  the  following  suborders,  which  have  been  taken  for  orders. 


799.  Snbord.  Staphyleaeett  (Bladdemut  Family)  has  opposite  com- 
pound leaves  with  stipules  and  stipeU,  regular  and  perfect  peiitan- 


Fia.  7T8.  nowering  bmiieh  of  SmuIiu  PiTla  (Rsd 
vlCh  Uh  uIti  wKI  twg  of  Ihe  peUli  iHUOTtil.  TT«. 
that  lU  puU  ■»  uujmnHlikKl.    T77.  Ttrtleiil  ncthi 
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drous  flowers,  three  partly  tmited  pistiU  with  several  ovules  in  eacli, 
and  large  bony  seeds,  with  a  straight  embryo  in  scanty  albomen. — 
Hx.  Staphytea. 

800.  Sabord.  SaplndtB  (Soapbeny  FamUff  proper)  has  alternate,  or 
in  the  Horsechestnut  tribe  opposite  leaves,  without  stipules,  more  or 
less  uosymmetrical  or  irregular  and  polygamous  tlowers,  exalbu- 
minoua  seeds,  and  a  curved  embryo  with  thickened  cotyledons. — 
Sloslly  tropical,  except  the  Horsechestnut  and  Buckeyes  (.^culus), 
which  have  been  deemed  a  separate  family  (Hippoecutanea).  Their 
very  large  and  fleshy  embryo  has  the  cotyledons  more  or  less  coor 
BoUdaled  (Fig.  629,  630).  The  seeds  of  the  Horsechestnut  are  nu- 
tritious, but  contain  an  intensely  bitter  principle  which  is  more  or 
less  noxious.  Those  of  -£.  Pavia  are  used  to  stupeiy  fish.  The 
root,  according  to  Elliott,  is  employed  as  a  substitute  for  soap.  The 
fruit  of  Sapindus  is  used  for  the  same  purpose,  whence  the  name  of 
Soapberry. 


801.  Sabord.  Acerinec  {M<^U  Family)  has  opposite  (simple   or 
compound)  leaves  without  stipules,  a  2-lobed  and  2-winged  fruit 


FIO.  7SI.    A  linncli  of  Acer  dujcurpum  (th«  Whits  Soft  Maple)  i 
TS2.  A  Hpsnto,  SDlugsd,  lUmiiisU  flower.    T83.  Bruicb  with  piil 
•epsnte  ftrlile  tlowei.    TBS.  Tbe  vaae,  enlirgnl,  with  the  «l;i  cut 
ihowlnB  the  FruLdDg  OTuld  expandlDE  Into  niaffl  (reduced  in  lUeJ. 
tjenmiiiu  cut  open  UahowthtHed.    7B8.  Al«>f. 


Exoonrocs  or  dicottledonous  plamts. 


4ll 


fcxrming  two  Ksmaraa,  and  ah  embryo  with  loi^  and  thin,  rariouely 
curved  or  coiled  cotyledons  (Fig,  103-105);  otherwise  nearly  as 
in  the  true  Sapindacese. — .£e.  Acer,  the  Maple;  useful  timber-trees 
of  northern  temperate  regions.  Sugar  is  yielded  by  the  Temal  sap 
of  Acer  saccharinum,  and  in  less  quantity  by  all  the  species. 

802.  Ord.  FolyefllBCtlC.  Herbs  or  shrubby  plants,  with  simple 
entire  leaTes,  destitute  of  Htipules.  Flowers  perfect,  unBymmetrical, 
and  irregular,  somewhat  papiUonaceooa  in  appearance,  but  of  wide- 
ly  difierent  structure.  Calyx  of  five  irrfigular  sepals ;  the  odd  one 
superior,  the  two  inner  (vnngt)  larger,  and  usually  petaloid.  Petals 
osnally  thr«e,  inserted  on.  the  receptacle,  more  or  less  united ;  the 
anterior  (keel)  larger  than  the  rest.  Stamens  six  to  eight,  combined 
in  a  tube,  which  is  split  on  tbe  np{>er  side,  and  nnited  below  with 
die  claws  of  the  petals  :  anthers  innate,  mostly  one-celled,  opening 
by  a  pore  at  the  apex.  Ovary  compound,  two-celled,  with  a  single 
suspended  ovule  in  each  cell :   style  curved  and  often  hooded. 


Capsule  flattened.  Seeds  usually  with  a  caruncle.  Embryo  strdgfat, 
lai^,  in  fleshy,  thin  albumen.  —  Ex.  Polygala  is  the  principal  genus 
of  the  order.     The  plants  yield  a  bitter  principle  with  some  acrid 

no.  TB9.  Poljiili  pandfoUtu  TSO.  A  flmnr,  culugEd.  7SI.  TIm  «]yi  dlipliftd.  702 
TM  Vertical  Bctlon  of  llw  otut.    TOC.  Tarttal  Kction  of  Uh  jMad,  ihawing  th*  lugi  tmbrjo 


412  II.T,UBTRAT10HS   OV  THE  NATURAt 

extractive  matter,  Folygala  Senega  (Seneca  SnakeixxSt)  h  the 
must  important  medicinal  plant  of  the  family.  Other  species  are 
employed  medicinally  in  Brazil,  Peru,  Nepaul,  Ac ;  where,  like 
oar  own,  they  are  reputed  antidotes  to  the  bites  of  venomous 
reptiles. 

803.  Ord.  IrameriBCtS  (Rhatany  Family)  consists  of  the  genus 
Krameria  only,  which  haa  ordinarily  been  annexed  to  the  Polyga- 
lacete ;  but  the  position  of  the  parts  of  the  flower  b  more  like  that 
of  the  Leguminosie,  having  the  odd  sepal  inferior,  a  simple  unilocu- 
lar pbtil,  and  an  exalbuminouB  seed.  In  fact  it  is  teclinioilly  distin- 
guishable from  the  latter  chiefly  by  the  hypogynous  slamens  and  the 
want  of  stipules.  The  roots  contain  a  red  coloring  matter,  and  are 
astringent  without  bitterness.  Rhatany-root,  used  to  adulterate  port- 
wine,  and  as  an  ingredient  in  tooth^rawders,  &&,  ia  the  produce  of 
K.  triandra  of  Peru.  That  of  our  own  Southern  species  possesses 
the  same  properties. 


804.  Ord.  LegmninoiS  (Pulse  Family).     Herbs,  shrubs,  or  trees, 
with  alternate  and  usually  compound  leaves,  furnished  with  stipules. 
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Cal^x  mostly  of  five  sepalii,  more  or  less  uniled  ;  the  odd  sepal  in- 
ferior (Fig.  358).  CorollA  of  five  petak,  either  papilionaceous  or 
regular.  Stamens  perigynous,  or  sometimea  hypogynous.  Ovary 
single  and  Eimple.  Fruit  a  legume,  various  forms  of  which  are 
Ehown  in  Fig.  S80,  561,  800-807.  Seeds  destitute  of  albumen,  or 
with  a  mere  vestige  of  it  —  Tliis  immense  iatuily  is  divided  into 
three   principal  suborders  ;  viz. :  — 


805.  Snbord.  PapillODatttt  (PiJte  Famili/  proper),  which  is  charac- 
terized by  the  papilionaceous  corolla,  —  the  vexillum  always  exter- 
nal in  sestivation.  (471,  Fig.  392), — ten  diadelphoua  (Fig.  461), 
monadelphoua  (Fig.  462),  or  rarely  distinct,  perigynoun  stamens, 
and  the  radicle  bent  on  the  large  cotyledons.  Leaves  (rarely  sim- 
ple) only  once  compound ;  the  leaflets  very  rarely  toothed  or  lobed. 

806.  Snbord.  CtElBlpiaeiE  (to  which  Cassia,  Gerds,  and  the  Honey- 
Locust  belong)  ;  here  the  coroUa  gradually  loses  its  papilionaceous 
character,  and  always  has  the  vexillum,  or  superior  petal,  covered 
by  the  lateral  ones  in  lestivation  ;  the  stamens  are  distinct,  and  the 
embryo  straight.     The  leaves  are  often  bipinnate. 

807.  Snbord.  MimoKEE  (a  large  group,  to  which  the  Acacia  and  the 
Sensitive  Plant  belong)  has  a  perfectly  regular  calyx  and  corolla, 
the  latter  mostly  valvate  in  lestivalion  and  hyp<^nous,  as  well  as 
the  stamens,  which  are  sometimes  definite,  but  often  very  numerous ; 
and  the  embryo  is  straight.     The  leaves  are  frequently  tripinnate. 

TIO.  HO.  Open  legnma  it  lb<  F».  SOI.  Lament  of  Dnmadinm,  SOI  Lament  of  Hi- 
mon;  b^  one  of  iti  deblsrentJolDtff  which  bee  AOkn  ftwvj  from  the  penlsting  border  or  rnmv 
(leplum),  eten  In  SOS.  H>i.  The  Jointed  Indehlseent  legnme  ot  Sophon.  SOG  A  )>r»D*  or 
AMngalm,  cnt  unH  nw  the  nmmlt,  to  Ibov  bov  It  beonua  puClj  or  entinlf  twCMialM 
V  tba  iDtroBeiloa  of  the  donal  lutDra.  6M.  Slniilu  Tiew  of  >  legume  of  Pbua,  *fae»  tba 
nntnl  lutun  it  (omawlut  iatrotleud.  S07.  A  Illume  of  Uedkugo  KutellMis  Ipinllr  oolUd 
faiLD  k  globnlkr  flpira. 
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808.  PapilionacesB  are  found  in  every  part\)f  the  world :  Cs&sai- 
pineae  and  Mimoseae  are  confined  to  the  tropical  and  warmer  tem- 
perate regions. — A  full  account  of  the  useful  plants  and  products 
of  this  large  order  would  require  a  separate  volume.     Many,  such 
as  Clover,  Lucerne  (Medicago  sativa),  &c.,  are  extensively  culti- 
vated for  fodder ;  Peas  and  Beans,  for  pulse.     The  roots  of  the 
Licorice  (Glycin*hiza  glabra  of  Southern   Europe)  abound  in  a 
sweet  mucilaginous  juice,  from  which  the  pectoral  extract  of  this 
name  is  prepared.     The  sweet  pulp  of  the  pods  of  Ceratonia  Siliqua 
(Carob-tree  of  the  South  of  Europe,  &c.),  like  that  of  the  Honey- 
Locust  (Gleditschia),  &c.,  is  edible.     The  laxative  pulp  of  Cathar- 
tocarpus  Fistula,  and  of  the  Tamarind,  is  well  known ;  the  latter  is 
acidulated  with  malic,  and  a  little  tartaric  and  citric  acid.  — A  pecu- 
liar volatile  principle  (called  Coumarin)  gives  its  vanilla-like  fra- 
grance to  the  well-known  Tonkorhean,  and  to  the  Melilotus,  or  Sweet 
Clover.     The  flowers  and  seeds  of  the  latter  and  of  Trigonella 
caerulea  give  the  peculiar  odor  to  Scheipzeiger  cheese.  —  Astringents 
and  tonics  are  also  yielded  by  this  order :  such  as  the  African  Ptero- 
carpus  erinaceus,  the  hardened  red  juice  of  which  is  Gum  Kino ; 
that  of  P.  Draco, of  Carthagena,  &c., is  Dragons  Blood,     The  bark 
of  most  Acacias  and  Mimosas  contains  a  very  large  quantity  of  tan- 
nin, and  is  likely  to  prove  of  great  importance  in  tanning.     The 
valuable  astringent  called  Catechu  is  obtained  by  boiling  and  evap- 
orating the  heart-wood  of  the  Indian  Acacia  Catechu.  —  Legumi- 
nosae  yield  the  most  important  coloring  matters :  such  as  the  Brazil- 
wood^ the  Logwood  of  Campeachy  (the  peculiar  coloring  principle 
of  which  is  called  Hcematin),  and  the  Red  Sandal-wood  of  Ceylon. 
Indigo  is  prepared  from  the  fermented  juice  of  the  Indigofera  tinc- 
toria  (a  native  of  India),  and  other  species  of  the  genus.     This 
substance  is  highly  azotized,  and  is  a  violent  poison.  —  To  the  same 
order  we  are  indebted  for  valuable  resins  and  balsams  ;  such  as  the 
Mexican  Copal^  Balsam  of  Copaiva  of  the  West  Indies,  Para,  and 
Brazil,  the  bitter  and  fragrant  Balsam  of  Peru,  and  the  sweet,  fra- 
grant, and  stimulant  Balsam  of  Tolu,  —  It  also  furnishes  the  most 
useful  gums ;  of  which  we  need  only  mention   Gum  TVagacantk, 
derived  from  Astragalus  verus  of  Persia,. &c.;  and  Gum  Arabic, 
the  produce   of  certain  African   species  of  Acacia.     The  best  is 
said  to  be  obtained  from  Acacia  vera,  while  Grum  Senegal  is  yielded 
by  A.  Verek,  and  some  other  species.     Algarobia  dulcis,  the  Mes- 
quite  of  Texas  and  Mexico,  yields  a  similar  gum.     The  Senna  of 
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commerce  consists  of  the  leares  of  several  species  of  Cassia,  of 
Egypt  and  Arabia.  C.  Marilandica  of  this  country  is  a  succedanc- 
um  for  the  oiRcinal  article.  —  More  acrid,  or  even  poisonous  prop- 
erties, are  often  met  with  in  the  order.  The  roots  of  Baptisia 
tinctoria  (called  Wild  Indigo,  because  it  is  said  to  yield  a  little  of 
that  substance),  of  the  Broom,  and  of  the  Dyers'  Weed  (Genista 
tinctoria,  used  for  dyeing  yellow),  possess  such  qualities ;  while  the 
seeds  of  Laburnum,  ^.  are  even  narootico-acrid  poisons.  The 
Inranches  and  leaves  of  Tephrosia,  and  the  bark  of  the  root  of 
Piscidia  Erythrina  (Jamaica  Dogwood,  which  is  also  found  in  South- 
em  Florida),  are  commonly  used  in  the  West  Indies  for  stupefying 
fish.  Cowitch  is  the  stinging  hairs  of  the  pods  of  species  of  Mu- 
cuna.  —  Among  the  numerous  valuable  timber-trees,  our  own  Locust 
(Kobinia  Pseudacacia)  must  be  mentioned ;  and  also  the  Bosewood 
of  commerce,  the  produce  of  some  Brazilian  Csesalpinieae.  Few 
orders  furnish  so  many  plants  cultivated  for  ornament. 

809.  Ord.  BosaceCB  (Rose  Family),  Trees,  shrubs,  or  herbs,  with 
alternate  leaves,  usually  furnished  with  stipules.  Flowers  regular. 
—  Calyx  of  five  (rarely  three  or  four)  more  or  less  united  sepals, 
and  often  with  as  many  bracts.  Petals  as  many  as  the  sepals 
(rarely  none),  mostly  imbricated  in  aestivation,  perigynous.  Sta- 
mens indefinite,  or  sometimes  few,  distinct.  Ovaries  with  solitary 
or  few  ovules:  styles  oflen  lateraL  Albumen  none.  Embryo 
straight,  Ydih  broad  and  flat  or  plano-convex  cotyledons  (Fig.  108  ~ 
111). — This  important  order  is  divided  into  four  suborders;  viz.:  — 

810.  Snbord.  Chrysobalanece  {Cocoa-plum  Family),  This  is  now 
generally  taken  as  an  independent  order,  intermediate  between 
Leguminosas  and  Eosaceae.  Ovary  solitary,  free  from  the  calyx,  or 
else  cohering  with  it  at  the  base  on  one  side  only,  containing  two 
erect  ovules  :  style  arising  from  the  apparent  base.  Fruit  a  drupe. 
Trees  or  shrubs.  —  Ex,  Chrysobalanus  ;  some  species  of  which  pro- 
duce an  edible  fruit. 

811.  Subord.  ImygdaleS  {Almond  or  Plum  Family),  Ovary  soli- 
tary, free  from  the  deciduous  calyx,  with  two  suspended  ovules,  and 
a  terminal  style.  Fruit  a. drupe  (Fig.  562).  Trees  or  shrubs. — 
Fx,  Amygdalus  (the  Almond,  Peach),  Prunus  (the  Plum),  &c. 

812.  Sabord.  Rosaces  proper.  Ovaries  several,  numerous,  or  rarely 
solitary,  free  from  the  calyx  (which  is  often  bracteolate,  as  if 
double),  but  sometimes  enclosed  in  its  persistent  tube,  in  fruit  becom- 
ing either  follicles  or  achenia.     Styles  terminal  or  lateraL     Herbs  or 
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jilinibs.  —  The  three  tribes  of  this  suborder  are :  —  Tribe  1.  SpntEju, 
where  the  fruit  is  a  follicle.  £!x.  Spinett  and  Gillenin.  Tribe  2. 
Dbtade^  where  the  fruits  are  achenia,  or  Gometimes  tittle  drupes, 
and  when  numerous  crowded  on  an  enlarged  torus  (Fig.  558,  559, 
56-t,  565).  Ex.  Dryas,  Agiimonia,  Potentilla,  Fragaria  (Strawbeiv 
ry),  Eubus  (Raspberry  and  Blackberry),  Tribe  3,  Ros££,  where 
numerous  achenia  cover  the  hollow  torus  which  lines  the  um-ehaped 
calyx-tube ;  and  the  latter,  being  contracted  at  the  mouth,  and  be- 
coming fleshy  or  berry-like,  forms  a  kind  of  false  pericarp ;  as  in  tlie 
Hose  (Fig.  420,  808). 

813.  Sobord.  Pomet  (Pear  Family).  Oaries  two  to  five,  or  rare- 
ly solitary,  cohering  with  each  other  and  with  tlie  thickened  and 
fleshy  or  pulpy  calyx-tube ;  each  with  one  or  two  (in  the  Quince 
sereral)  ascending  seeds.  Trees  or  shrubs.  —  Ex.  Crataegus  (the 
Thorn),  Cydonia  (the  Quince),  Pyrus  (the  Apple,  Pear,  &c). 


814.  This  important  order  is  diffused  through  almost  every  part 
of  the  world;  but  cliiefiy  abounds  in  temperate  climates,  where  it 
furnishes  the  most  important  fruits.  It  is  destitute  of  unwliolesome 
qualities,  with  one  or  two  exceptions,  viz. ;  — The  bark,  leaves,  and 
kernel  of  Amygdaleae  contain  prusaic  acid,  or  something  of  similar 
odor  and  analogous  properties ;  as  is  exemplified  by  the  Cherry-Laurel 

no.  803.  Vnrtli^  ierlLiin  of  u  nnripuiiM  Boe,  ahowlDg  th«  (tlubiiinit  af  Ilia  ovpala 
to  ttaa  UnlDg  of  Uia  caLyi-tubs,  uid  of  the  Btameog  SDil  peCids  to  \ta  wimmH  oc  edge.  809. 
Verthsl  BxOoa  of  Uu  ftolt  of  the  Quince,  nhlbltlug  tbe  orpeli  Inneted  bj  the  thtoknied 
»l)'i  vblchfoimi  the  edible  put  of  llie&iile;  one  of  the  oreria  laid  open  to  ghow  theieedi. 
810.  AnucsiSed  Bead;  the  rhapbe  imdchHtuiiconiplcuoui.  BlI.  Tbe  embiro.  813.  Crow. 
vaGlloQ  of  AqHpple.    813.  nower,  &e.  of  the  Americmi  CiKb4pple  (?jnu  coronul»). 
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(rf  the  Old  'World,  from  which  the  poisonous  Laurel-maier  and  the 
virulent  Oil  of  Laurel  are  obtaiued.  Our  Southern  species,  Prunu* 
'  (Lauroc^nu'ii^)  Caroliniana,  poisons  cattle  which  ent  its  folinge. 
The  root  of  Gillenia  (Bowman's  Root,  Indian 'Physic)  is  emetic  in 
lar^  doses,  in  small  doses  it  acts  as  a  tonic.  The  bark  and  root  in 
all  are  astringent.  The  bnrk  of  Amygdalee  also  exudes  gum. 
That  of  the  Wild  Black  Cheny  is  febriiugal ;  and  the  timber  is 
useliil  in  cabinet-work.  Sweet  and  bitter  almonds  are  the  seeds  of 
varieties  of  Amygdalus  communis :  the  oil  of  the  foimer  resembles 
olive-oil ;  that  of  the  latter  is  poisonous.  Of  the  Peach,  Apricot, 
Nectarine,  Plum,  and  Cherry,  it  is  unnecessary  to  Hpeak.  The 
strawberry,  raspberry,  and  blackberry  are  the  principal  fruits  of  the 
proper  Bosaceie.  The  leaves  of  Rosa  centifolia  aie  more  commoiUy 
distilled  for  Roie-vmter :  and  Attar  of  Eotei  is  obtained  from  R. 
Damascena,  &c. —  Pomaceous  fruits,  such  as  the  apple,  pear,  qnince, 
services,  medlar,  Ac,  yield  to  none  in  importunce :  their  acid  is 
usually  the  malic. 


815.  Ofd.  CBlycBiilliaeta, 


halknr  rectptule,  fto. ;  Uh  flonl 
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last  order  and  the  next,  distinguished  from  Rosacese  hy  their  oppo- 
site leaves  without  stipules,  and  their  convolute  cotyledons :  the 
ovaries  are  enclosed  in  a  fleshy  calyx-tube  as  in  a  rose-hip.  —  It 
comprises  only  two  -genera ;  viz.  Calycanthus  (Carolina  Allspice, 
Sweet«cented  Shrub,  &c,),  and  Chimonanthus,  of  Japan.  They  are 
cultivated  for  their  fragrant  flowers  The  bark  and  foliage  exhale 
a  slight  camphoric  odor ;  and  the  flowers  give  a  fragrance  like  that 
of  strawberries. 

816.  Ordt  lyrtaces  {Myrde  Family).  Aromatic  trees  or  shrubs, 
with  opposite  and  simple  entire  leaves,  which  are  punctate  with 
pellucid  dots,  and  often  furnished  with  a  vein  running  parallel  with 
and  close  to  the  margin,  without  stipules ;  the  calyx-tube  adherent 
to  the  ovary ;  many  stamens ;  and  seeds  without  albumen.  —  Ex. 
Myrtus,  the  Myrtle,  is  the  most  familiar  representative  of  this 
beautiful  tropical  and  subtropical  order.  The  species  abound  in  a 
pungent  and  aromatic  volatile  oil,  and  an  astringent  principle. 
Cloves  are  the  dried  flower-buds  of  Caryophyllus  aromaticus.  Pi- 
mento (Allspice)  is  the  dried  fruit  of  Eugenia  Pimenta.  Cajeput 
oil,  a  powerful  sudorific,  is  distilled  from  the  leaves  and  fruit  of  a 
Melaleuca  of  the  Moluccas.  Australian  species  of  Eucalyptus  yield 
a  large  quantity  of  tannin.  The  aromatic  fruits  of  many  species, 
filled  with  sugar  and  mucilage,  and  acidulated  with  a  free  acid,  are 
highly  prized ;  such,  for  instance,  as  the  Pomegranate,  the  Guava, 
Rose-Apple,  &c. 

817.  Ord.  Helastomaces.  Trees,  shrubs,  or  herbs,  with  opposite 
ribbed  leaves,  and  showy  flowers,  with  as  many  or  twice  as  many 
stamens  as  petals ;  the  anthers  mostly  appendaged  and  opening  by 
pores,  inflexed  in  aestivation :  further  distinguished  from  Myrtaceae 
by  the  leaves  not  being  dotted ;  and  from  Ly thraceae  by  the  adna- 
tion  of  the  calyx-tube  (by  its  nerves  at  least)  with  the  ovary.  — Ex. 
The  beautiful  species  of  Rhexia  represent  this  otherwise  tropical 
order  in  the  United  States.  The  berries  of  Melastoma  are  eatable, 
and  tinge  the  lips  black  (like  whortleberries) ;  whence  the  generic 
name. 

818.  Ord.  Lythraces  (Loosestrife  Family)  is  distinguished  among 
these  perigynous  orders,  with  exalbuminous  seeds,  by  its  tubular 
calyx  enclosing  the  two  —  four-celled  ovary,  but  entirely  free  fh)m  it. 
The  styles  are  perfectly  united  into  one :  the  fruit  is  a  thin  capsule. 
The  stamens  are  inserted  on  the  tube  of  the  calyx  below  the  petals. 
—  Ex.  Lythrum.     Chiefly  tropical,  of  little  economical  use. 
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819.  Ord.  Bhliophonices  {Mmffrove  FamUy)  conaists  of  a  few 
tropical  trees  (extending  into  Florida  and  Louisiana),  growing  in 
maritime  swamps,  where  the^  root  in  the  mud,  and  form  thickets 
on  the  verge  of  the  ocean.  The  ovary  b  often  partly  free  from  the 
calyx,  two^celled,  with  two  pendulous  ovules  in  each  celL  These 
plants  are  remarkable  for  tieir  opposite  leaves,  with  interpetiolar 
stipules,  and  iw:  the  germination  of  the  embryo  while  within  the 
pericarp.  —  Ex.  Bhizopbora,  the  Mangrove  (Fig.  141).  The  as- 
tringent bark  has  been  used  as  a  febrifuge,  and  for  tanning. 

820.  Ord>  ComtirctlCtie  consists  of  tropical  trees  or  siirubs  (which 
have  one  or  two  representatives  in  Southern  Florida),  often  apeta- 
lous,  but  with  slender  colored  stamens ;  distinguishable  from  any  of 
the  preceding  orders  of  this  group  by  their  one-celled  ovaiy,  with 
several  snspended  ovules,  but  only  a  solitary  seed,  and  convolute 
cotyledons. — Ex.  Combretum. 

621.  Ord.  OnBgraces  {Eotrang-Primroa  Family).  Herbs,  or  rare> 
ly  shrubby  plants,  with  alternate  or  opposite  leaves,  not  dotted  nor 


famished  with  stipules.     Flowers  usually  tetramerous.     Calyx  ad- 
herent to  the  ovary,  and  usually  produced  beyond  it  into  a  tube. 

no  SZL  Vmnt  at  (Snettun  teidecw.  83B.  Tba  tmm,  w|lb  Ui<  pttali  wmmd.  BM. 
MagniSsil  (nlni  al  poUoi,  nith  Hmi  dT  Cbt  InlamLced  ullulu  thiuda.  826.  CnKS-wcUan 
af  tbfl  roar-Uibed  uid  ]bui-c«lted  c^alb 

r.Q.  e^  Hlpporli  nlguli  (nil«irdeT  Silangem).  BIT-  UvoUed  tloiter,  wlUi  Ebs  nib- 
luiOUiikit    BZS.  V«tIalHcUBB<rf(tHan(7     819.  Tertial  w>:tlon of  tli* aaoU ud NaiL 


420  ILLCSTKATIONS   OF  THE  NATURAL   ORDF.RS. 

Petals  usually  four  (rarely  three  or  six,  occasionally  absent),  and  th» 
■tamena  as  many,  or  twice  as  many,  inserted  into  the  throat  of  the 
calyx.  Ovary  commonly  four-ceJled :  styles  united.  Fruit  mostly 
capsular.  —  £!x.  Chiefly  an  American  order ;  many  are  ornamental 
in  cultivation.  Fuchsia,  remarkable  for  its  colored  calyx  and  ber^ 
ried  fruit ;  CEnothera  (Evening  Primrose)  ;  Epilobium,  where  the 
seeds  bear  a  coma  ;  Ludwigia,  which  is  sometimes  apetalous  :  and 
Grctea,  where  the  lobea  of  the  calyx,  petals,  stamens,  celU  of  the 
ovary,  and  the  seeds,  are  reduced  to  two ;  sliowing  a  connection  with 
the  appended 

822.  SDbord.  HalongeB,  which  are  a  sort  of  reduced  aquatic  Ona- 
gracete,  oflen  apetalous :  the  solitary  seeds  commonly  furnished  with 
albumen. — Ex.  Myriophyllum  (Water-Milfoil)  and  Hippuris  (Horse- 
tail), where  the  hmb  of  the  calyx  is  almost  wanting ;  the  petals 
none ;  the  stamens  reduced  to  a  single  one,  and  the  ovary  to  a  aitigia 
cell,  with  a  solitary  seed. 


823.  Old.  Grmnilaces  ( Gooieberry  Family  ).     Small  shrubs,  either 
spiny  or  prickly,  or  unarmed ;  with  alternate,  palmately  Idtied  and 
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veined  leaveB,  u^nally  in  fiiscicles,  often  eprinkled  with  resinous  dots. 
Flowers  in  racemes  or  email  clusters.  Calyx-tube  adherent  to  the 
one-celled  ovary,  and  more  or  less  produced  beyond  it,  five-lobed, 
sometimes  colored.  Petals  (small)  and  stamens  ttve,  inserted  on 
the  calyx.  Ovary  with  two  parietal  placents :  styles  more  or  less 
united.  .Fruit  a  many-seeded  berry.  Embryo  minute,  in  hard 
albumen.  — Ex.  Ribes  (Gooseberry  and  Currant).  Never  unwhole- 
some :  the  fruit  usually  esculent,  eontaining  a  mudlaginous  and  sac- 
charine pulp,  with  more  or  less  malic  or  citric  acid.  Two  or  three 
red-flowered  species  of  Oregon  and  California,  and  the  Yellow  or 
Missouri  Currant,  are  ornamental  in  cultivaIi<Mi. 

824.  Ord.  Caellteie  {Cacttu  Family).     Succulent  shrubby  plants, 
peculiar  in  habit,  with  spinous   buds,  usually  leafless;  the  stems 
either   globular  and    many- 
angled,  columnar  with  several 

angles,  or  flattened  and  joint- 
ed. Flowers  usually  large 
and  showy.  Calyx  of  sev- 
eral or  numerous  sepals,  im- 
bricated, coherent  with  and 
crowning  the  one-celled  ova- 
ry, or  covering  its  whole  sur- 
face ;  the  inner  usually  con- 
founded with  the  indefinite 
petals.  Stamens  indefinite, 
with  long  filaments,  cohering 

with  the  base  of  the  petals.  *" 

Styles  united :  stigmas  and  parietal  placentee  several.  Fruit  a 
berry.  Seeds  numerous,  with  a  curved  or  fleshy  and  rounded  em- 
bryo, and  little  or  no  albumen.  —  All  American,  the  greater  part 
Mexican  or  on  the  borders  of  Mexico.  The  common  Opunlia 
(Prickly  Pear)  extends  north  to  New  England :  its  mucilaginous 
fruit  is  eatable.  So  is  the  sweet  red  pulp  of  the  huge  Cereus  gigan- 
t«us  of  Sonora  and  Soutli  California,  which  forms  a  singular  tree, 
forty  or  fifty  feet  high.  Cereua  grandiflorus  is  the  magnificent 
Mghl-blooming  Cerens. 

825.  Ord.  LoBSaceiE.  Herbs  usually  clothed  with  ri^d  or  stinging 
hai)^;  leaves  opposite  or  alternate,  without  stipules;  the  flowers 
showy.     Ctdyx-tube  adherent  to  the  one-celled  ovary  j    the  limb 

FIO.  SS8.    Fkivec  of  HamllUria  tiHplCau,  of  Uu  Tppu  Mluauri. 
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mostly  five-parted.  Petals  as  many,  or  twice  as  many,  as  the  lobes 
of  the  calyx*  Stamens  perigynous,  indefinite,  and  in  several  parcels, 
or  sometimes  definite.  Style  single.  Ovary  with  three  to  ^we 
parietal  placentae.  Seeds  few  or  numerous,  albuminous.  —  Mc,  Lo- 
asa,  Mentzelia,  Cevallia ;  the  latter  with  solitary  seeds  and  no  albu- 
men. All  American,  and  in  the  United  States  nearly  confined  to 
the  regions  beyond  the  MississippL  The  bristles  of  Loasa  sting 
like  nettles. 

826.  Ord.  Tarneraees.  Herbs,  with  the  habit  of  Cistus  or  Heli- 
anthemum ;  the  alternate  leaves  without  stipules.  Flowers  solitary, 
showy.  Calyx  five-lobed ;  the  five  petals  and  five  stamens  inserted 
on  its  throat.  Ovary  free  from  the  calyx,  one-celled,  with  three 
parietal  placentas.  Styles  distinct,  commonly  branched  or  many- 
clefl  at  the  summit.  Fiiiit  a  three-valved  capsule.  Seeds  numer- 
ous (anatropous),  with  a  crustaceous  and  reticulated  testa,  and  a 
membranaceous  aril  on  one  side.  Embryo  in  fieshy  albumen. — .Ex* 
Tumera,  of  which  there  is  one  species  in  Greorgia. 

827.  Ord.  Passinoniees  {Passion-flower  Family).  Herbs,  or 
somewhat  shrubby  plants,  climbing  by  tendrils;  with  alternate, 
entire,  or  palmately-lobed  leaves,  mostly  with  stipules.  Flowers 
oflen  showy.  Calyx  mostly  of  five  sepals,  united  below,  free  from 
the  one-celled  ovary ;  the  throat  bearing  five  petals  and  a  filaments 
ous  crown.  Stamens  as  many  as  the  sepals,  monadelphous,  and  ad- 
hering to  the  stalk  of  the  ovary,  which  has  usually  three  club-shaped 
styles  or  stigmas,  and  as  many  parietal  placentae.  Fruit  fieshy  or 
beny-like.  Seeds  numerous,  with  a  brittle  sculptured  testa,  enclosed 
in  pulp.  Embryo  enclosed  in  a  thin  albumen. — Ex.  Passifiora  (the 
Passion-flower,  Granadilla)  :  nearly  all  natives  of  tropical  America- 
Two  species  are  found  as  far  north  as  Virginia  and  Ohio.  Many 
are  cultivated  for  their  singular  and  showy  flowers.  The  acidulous 
refrigerant  pulp  of  Passifiora  quadrangularis  (the  Granadilla),  P. 
edulis,  and  others,  is  eaten  in  the  West  Indies,  &c.  But  the  roots 
are  emetic,  narcotic,  and  poisonous. 

828.  Ord.  Papayaces  comprises  merely  a  small  genus  of  tropical 
dioecious  trees,  of  peculiar  character :  the  principal  one  is  the  Pa- 
paw-tree  (Carica  Papaya)  of  tropical  America,  wluch  has  been  in- 
troduced into  East  Florida.  The  fruit,  when  cooked,  is  eatable; 
but  the  juice  of  the  unripe  fruit,  as  well  as  of  other  parts  of  the  plant, 
is,  a  powerful  vermifuge.  The  juice  contains  so  much  fibrine  that  h 
has  an  extraordinary  resemblance  to  animal  matter :  meat  washed 
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in  water  impregnated  with  this  juice  is  rendered  tender :  even  the 
exhalations  from  the  tree  are  said  to  produce  the  same  effect  upon 
meat  suspended  among  the  leaves. 

829.  Ord.  CncnrbitaeefB  (Gourd  Family),  Tender  or  succulent 
herbs,  climbing  by  tendrils ;  with  alternate^  pahnately  veined  or 
lobed,  rough  leaves,  and  monoecious  or  dioecious  flowere.  Calyx  of 
four  or  five  (rarely  six)  sepals,  united  into  a  tube,  and  in  the  fertile 
flowers  adherent  to  tlie  ovary.  Petals  as  many  as  the  sepals,  com- 
monly more  or  less  united  into  a  monopetalous  corolla,  which  co- 
heres with  the  calyx.  Stamens  ^ve  or  three,  or  rather  two  and  a 
half,  i.  e.  two  with  two-celled  anthers,  and  one  with  a  one-celled  an- 
ther, inserted  into  the  base  of  the  corolla  or  calyx,  either  distinct  or 
variously  united  by  their  filaments,  and  long,  sinuous  or  contorted 
anthers  (Fig.  465  —  467).  Ovary  one-  to  five-celled ;  the  thick  and 
fleshy  placentas  often  filling  the  cells,  or  diverging  before  or  after 
reaching  the  axis,  and  carried  back  so  as  to  reach  the  walls  of  the 
pericarp,  sometimes  manifestly  parietal ;  the  dissepiments  oflen  dis- 
appearing during  its  growth,  sometimes  only  one-ovuled  from  the  top : 
stigmas  thick,  dilated  or  fringed.  Fruit  (pepo,  Fig.  560)  usually 
fleshy,  with  a  hard  rind,  sometimes  membranous.  Seeds  mostly  flat, 
with  no  albumen.  Embryo  straight:  cotyledons  foliaceous.  —  JUx, 
The  Pumpkin  and  Squash  (Cucurbita),  Gourd,  Cucumber,  and 
Melon.  When  the  acrid  principle  which  prevails  throughout  the 
order  is  greatly  diffused,  the  fruits  are  eatable,  and  sometimes  deli- 
cious :  when  concentrated,  as  in  the  Bottle  Gourd,  Bryony,  &c.,  they 
are  dangerous  or  actively  poisonous.  The  officinal  Golocynthy  the 
resinoid  and  bitter  pulp  of  the  fruit  of  Cucumis  Colocynthis,  is  very 
acrid  and  poisonous  ;  and  JUlatenum^  obtained  from  the  juice  of  the 
Squirting  Cucumber,  is  still  more  violent  in  its  effects.  '  The  seeds 
of  all  are  harmless. 

830.  Ord.  CrassulaCCffi  {Stomcrop  Family^  Herbs,  or  slightly 
shrubby  plants,  mostly  fleshy  or  succulent ;  remarkable  for  the  com- 
plete symmetry  and  regularity  of  their  flowers  (449,  Fig.  859  -  365). 
Calyx  of  three  to  twenty  sepals,  more  or  less  united  at  the  base, 
free  from  the  ovaries,  persistent.  Petals  as  many  as  the  sepals, 
rarely  combined  into  a  monopetalous  corolla.  Stamens  as  many  or 
twice  as  many  as  the  sepals,  more  or  less  perigynous.  Pistils  always 
as  many  as  the  sepals,  distinct,  or  rarely  (in  Penthorum  and  Dia- 
morpha)  partly  united :  ovaries  becoming  follicles  in  finiit,  several- 
seeded.     Embryo  straight,  in  thin  albumen.  —  Ex.  Sedum  (Stone- 
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crop,  Orpine,  Live-for-ever),  Crassala,  Sempervivum  (Houseleek), 
Ac.  They  mostlj  grow  in  arid  pUces,  and  are  of  no  economical  im- 
portance. 

8ai.  Ord.  SuifraEieea  {Saxifragt  Family).  Herbs  or  shrubs, 
with  alternate  or  opposite  leaves.  Calyx  of  four  or  five  more  or 
less  united  sepals,  either  free  from  or  more  or  less  adherent  to 
the  ovary,  persistent  Petals  as  many  as  the  sepala,  rarely  want- 
ing. Stamens  as  many,  or  commonly  twice  as  many,  as  the  pistils 
or  sepals,  or  rarely  indefinitely  numerous,  perigynous,  Ovarifs 
mostly  two  (sometimes  three  or  four),  usually  united  below  and 
distinct  above,  Bometimes  completely  united  and  even  the  styles  al^'O, 
Seeds  numerous,  with  a  straight  embryo  in  fleshy  albumen.  The 
order,  taken  in  the  largest  sense,  includes  four  tribei,  as  they  should 
probably  be  called,  rather  than  suborders,  which  some  botanists  regard 


even  as  distinct  orders,  viz. :  The  Saxifrage^  or  tine  Saxifrage 
Family,  which  are  herbs,  with  no  manifest  stipules,  except  the  winga 
or  appendages  at  the  base  of  the  petiole  or  radical  leaves.     Ex.  Sax- 
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ifraga,  Mitella,  &c  Roots  somewhat  astringent,  in  Heuchera  so  mnch 
so  that  H.  Americana  is  called  Alum^root  Htdranoiea  :  shrubs, 
with  simple  opposite  leaves  and  no  stipules.  Me.  Hydrangea  and 
Philadelphus,  the  latter  polyandrous.  Bauerejc  :  Australian 
shrubs,  with  opposite  and  compound  sessile  leaves  and  no  stipules. 
CuKONiEJB :  woody  plants,  with  opposite  simple  or  compound  leaves 
and  interpetiolar  stipules.  Escallokiejb  :  woody  plants,  with 
alternate  simple  leaves  imd  no  stipules.  Mc,  EscaUonia,  of  South 
America,  Itea. 

832.  Ordt  Hamainelacefff  {Witch-Hazel Family),  Shrubs  or  small 
trees,  with  alternate  simple  leaves,  without  stipules.  Flowers  oflen 
polygamous.  Petals  valvate  in  Aestivation.  Stamens  twice  as  many 
as  the  petals,  half  of  them  sterile  ;  or  numerous,  and  the  petals  none. 
Summit  of  the  two-celled  ovary  free  from  the  calyx,  a  single  ovule 
suspended  from  the  summit  of  each  cell :  styles  two,  distinct  Cap- 
sule cartilaginous  or  bony.  Seeds  bony,  with  a  small  embryo  in 
hard  albumen.  —  Ex,  Hamamelis  (Witch-Hazel),  Fothergilla.  A 
small  order,  of  little  importance.  Hamamelis  is  remarkable  for 
flowering  late  in  autumn,  just  as  its  leaves  are  falling,  and  perfecting 
its  fruit  the  following  spring.  To  tliis  order  is  now  appended  the 
genus  Liquidambar,  or  Sweet-Gum,  which  has  been  taken  as  the 
type  of  a  distinct  (»*der ;  but  it  is  rather  a  reduced  and  apetalous 
form  of  the  present  order.     It  may  stand  as  a  suborder,  viz. 

833.  Sabordi  BalsamiflnB  {Sweet-Gum  Family)^  consisting  of  a 
few  trees,  with  alternate  palmately-lobed  leaves,  and  deciduous 
stipules ;  the  monoecious  flowers  in  rounded  aments  or  heads,  desti- 
tute of  floral  envelopes ;  the  indurated  capsules  forming  a  head : 
they  are  two-beaked,  opening  between  the  beaks,  the  cells  ripening 
one  or  two  seeds,  although  the  ovules  are  numerous.  The  Sweet-gum 
is  so  called  from  a  fragrant  balsam  or  storax  which  it  exudes. 

834.  Ord.  UmbellifcrS  {Pardey  Family),  Herbs,  with  hollow 
stems,  and  alternate,  dissected  leaves,  with  the  petioles  sheathing 
or  dilated  at  the  base.  Flowers  an  simple  or  mostly  compound  um- 
bels, which  are  occasionally  contracted  into  a  kind  of  head.  Calyx 
entirely  coherent  with  the  surface  of  the  dicarpellary  ovary;  its 
limb  reduced  to  a  mere  border,  or  to  five  small  teeth.  Petals  five, 
valvate  in  aestivation,  inserted,  with  the  five  stamens,  on  a  di^k 
which  crowns  the  ovary;  their  points  infiexed.  Styles  two;  their 
bases  often  united  and  thickened,  forming  a  stylopodium.  Fruit 
dry,  a  cremocarp^  consisting  of  two  united  carpels,  at  maturity  sepa* 
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raUe  from  eacli  other,  and  often  from  a  slender  axis  (earpophore), 
into  two  acbenia,  or  mericarpt :  the  fiice  by  which  these  cohere  re- 
ceives the  technical  name  of  eommitmtrt :  tbey  are  marked  witti  a 
definite  number  of  riht  {juya),  which  are  aometimea  produced  into 
wing3 :  the  intervening  spaces  {itUtrvals),  as  well  aa  the  commissure, 
sometimes  oontain  canals  or  receptacles  of  Tolatile  oil,  called  vitta : 
these  are  the  principal  terms  peculinrlj'  employed  in  describing  the 
plants  of  this  dit&cult  fiunily.  Embryo  minute.  Albumen  hard  or 
comeons.  —  Ex.    The  Carrot,   Parsnip,  Celery,  Caraway,  Anise, 


Coriander,  Poison  Hemlock,  &c.  are  common  representatives  of  this 
well-known  family.  Nearly  all  Umbelliferous  plants  are  furnished 
with  a  Tolatile  oil  or  balsam,  chiefly  accumulated  in  the  roots  and  in 
the  reserroirs  of  the  fruil,  upon  which  their  aromatic  and  carmina- 
tive properties  depend :  sometimes  it  is  small  in  quantity,  so  as 
merely  to  flavor  the  saccharine  roots,  which  are  used  for  food ;  as  in 
the  Carrot  and  Parsnip.  But  in  many  an  alkaloid  principle  exists, 
pervading  the  foHage,  stems,  and  roots,  especially  the  latter,  which  ren- 

FIG-  846.  CobhiminBciilMainfPDtBODflvmlKlc),  ■poHton  of  thsBpottadfltflq,  with  n  leaf; 
and  u  umbel  vltti  young  ftidt.  BU.  A  flomring  umbslliL  64T.  A  fiomr,  mlugHl.  818.  Tba 
fruit.  S4B-  Cnm^ActioDof  Ct»nxiH,iboiriJiBUialDmliltv(fAmpy^aApcrTnaiu}^bgmeD  oftbA 
tvoHodfl.    S50.  LouEltuiUitfl  HEtloa  of  cos  mflriouiii  sxblULiDff  Cb*  luiuuM  tmbryo  nab  Uia 
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ders  them  acrid>narcotic  pobons.  And,  finallf,  man^  npedes  of 
warm  regloos  yield  odorous  gum-TeainB  (such  as  Galbanum,  Ass»- 
fcctida,  &c.),  which  have  active  Btimulaat  properties.  The  st«ms  of 
Cel«ry  (Apium  graveolena),  which  are  acrid  and  pois<HiouB  when 
the  plant  grovra  wild  in  mareheB,  i&c^  are  rendered  innocent  by 


cultivation  in  dij  ground,  and  by  blanching.  Among  the  virulent 
acirid-narcotic  epeeies,  the  most  famous  are  the  Hemlock  (Conium 
maculatum),  and  G ten ta  macu lata  (Cowbane,  Water-Hemlock),  indi- 
genous to  this  country,  the  root  of  which  (like  that  of  the  C.  virosa 
of  Europe)  is  a  deadly  poison.  A  drachm  of  the  fresh  root  has 
killed  a  boy  in  less  than  two  hours. 
835.  Ord.  IraliBCeie  {Gimeng  or  ^  Famih/)  scarcely  differa  from 


the  last  in  floral  structure,  except  that  the  ovary  is  mostly  composed 
of  more  than  two  carpels,  and  these  do  not  separate  when  ripe,  but 

no.  851.  TloirarofOBnorrhliilongliejU".  862.  UinW  of  Ihs  imm  in  (ndt :  ■.tlMinTD- 
IomU.  853.  Tht  rlp«  nxtiarfa  npiiniUng  from  Uu  uli  ot  arvorboH.  SH  CwkhwUoq 
tftlMbnlt  or  AnpUa,  when  UulMenlilta  an  produced  loto  wtaga:  Iha  blHkdotanpn- 

li«  Iba  lunar  bee,  or  eominlHDn.  u  mil  •>  U»  tn 
Fia.  856.    Flowflp  of  Anil*  Dndkaolli  (Wild  B> 
two  or  (he  cell)  of  Um  onry.    U7.  Cnmi  leeUoiiot  0»ajtij. 
•Bed,  DugaUled,  ilxnlng  the  null  eiobiTO  U  Uu  upper  end. 
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become  drupes  or  berries ;  and  the  albumen  is  not  hard  like  horn, 
but  only  fleshy.  —  JSx.  Aralia  (the  Spikenard,  the  Wild  Sarsaparilla, 
Ginseng),  and  Hedera  (the  Ivy).  Their  properties  are  aromatic, 
stimulant,  somewhat  tonic,  and  alterative. 

836.  Ofd.  CoraiCCS  (  Cornel  or  Dogwood  Family),  Chiefly  trees  or 
shrubs ;  with  the  leaves  almost  always  opposite,  destitute  of  stipules. 
Flowers  in  cymes,  sometimes  in  heads  surrounded  by  colored  involu- 
cres. Calyx  coherent  with  the  two-celled  ovary;  the  very  small 
limb  four-toothed.  Petals  four,  valvate  in  aestivation.  Stamens 
four,  alternate  with  the  petals.  Styles  united  into  one.  Fruit  a 
two-celled  drupe.  Embryo  nearly  as  long  as  the  albumen ;  cotyle- 
dons broad  and  flat.  —  Ex.  Comus,  the  Dogwood.  Chiefly  remark- 
able for  their  bitter  and  astringent  bai'k,  which  in  this  country  has 
been  substituted  for  Cinchona.  The  peculiar  principle  they  contain 
is  named  Comine,  Comus  Canadensis  (Fig.  321,  322)  is  a  low 
and  herbaceous  species.  —  A  reduced  form  of  this  order  occurs  in 
Nyssa  (the  Tupelo  or  Sour-Gum),  which  has  dioecious  or  polyga- 
mous flowers,  the  sterile  ones  at  least  apetalous,  the  fertile  ones  ap- 
pearing to  be  so  on  account  of  the  limb  of  the  adherent  calyx  being 
obsolete ;  the  style  stigmatic  down  one  side  and  revolute ;  the  ovary 
and  drupe  one-celled  and  one-seeded.  The  fruit  is  acid.  The  wood 
of  the  common  Sour  or  Black  Gum-tree,  or  Peperidge,  is  close- 
grained,  and  hard  to  split. 

Division  11.    Monopetalous  Exogenous  Plants. 

Floral  envelopes  consisting  of  both. calyx  and  corolla:  the  petals 
more  or  less  united  (corolla  gamopetalous) .  —  A  few  true  Ericaceae, 
with  all  the  Pyroleae  and  some  Monotropeae,  are  polypetalous :  the 
Aquifoliaceae  are  nearly  so,  as  are  some  of  several  of  the  succeeding 
orders,  and  Fraxinus,  &c  in  Oleaceae.  The  latter  genus  is  apeta- 
lous, and  so  are  one  or  two  genera  in  other  generally  Monopetalous 
orders. 

Conspectus  op  the  Orders. 

Group  1.  Ovary  coherent  with  the  calyx,  two-  to  sereral-celled,  with  one  or 
many  ovules  in  each  cell.  Seeds  albuminous,  with  a  small  embryo.  Sta- 
mens inserted  on  the  corolla.    Leaves  opposite.  * 

Stipules  wanting.  Cafrifoliace.*. 

Stipules  interpetiolar  (or  in  one  group  the  leaves  whorled).  Kubiace^. 
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Grtfup  2.  Orarjr  coherent  with  the  calyx,  one-celled  and  one-ovnled,  or  rarely 
.Veiled  with  two  of  the  cells  empty,  and  the  third  one-ovuled.  Seed  with 
tittle  or  no  albumen.  Stamens  inserted  on  the  corolla.  Limb  of  the  ca- 
lyx a  mere  ring,  crown,  or  pappus,  or  none.     Stipules  none. 

Stamens  distinct    Seed  suspended.    Lcares  opposite.  Stamens  3,  or  rarely  2. 

Flowers  often  irregular.  Valerianaceje. 

Stamens  4.  Flowers  regular,  in  an  involucrate  head.  Dipsackje. 

Stamens  syngenesious.    Seed  erect  Compositjb. 

Group  3.  Orary  coherent  with  the  calyx,  with  two  or  more  cells  and  numer- 
oos  ovules.  Seeds  albuminous.  Stamens  inserted  with  the  corolla  (epi- 
gynous) :  anthers  not  opening  by  pores.    Juice  more  or  less  milky. 

Corolla  irregular.  Stamens  united  by  their  anthers  or  filaments.  Lobeliaceje. 
Corolla  regular.     Stamens  distinct.  Campanulaceje. 

Group  4.  Ovary  free  from  the  calyx,  or  sometimes  coherent  with  it,  with  two 
or  more  cells  and  few  or  many  ovules.  Seeds  albuminous.  Stamens  in- 
serted with  the  corolla,  or  rarely  somewhat  coherent  with  its  base,  as  many, 
or  twice  as  many,  as  its  lobes :  anthers  mostly  opening  by  pores  or 
chinks.  Ebicackjb. 

Groiq>  5.  Ovary  free,  or  rarely  coherent  with  the  calyx,  several-celled,  with  a 
single  ovule  (or  at  least  a  single  seed)  in  each  cell.  Seeds  mostly  albu- 
minous. Stamens  definite,  as  many  as  the  lobes  of  the  (often  almost  poly- 
petalous)  corolla  and  alternate  with  them,  or  two  to  four  times  as  many : 
anthers  not  opening  by  pores.  —  Trees  or  shrubs. 

Stamens  as  many  as  the  lobes  of  the  corolla :  no  sterile  ones.  Aquifoliaceje. 
Stamens  more  numerous  than  the  lobes  of  the  corolla,  and  all  fertile. 

Flowers  polygamous  :  calyx  free.  EsENACEiB. 

Flowers  perfect :  calyx  more  or  less  adnate.  Styracacbjc. 

Stamens  as  many  fertile  as  the  lobes  of  the  corolla  and  opposite 

them.  Sapotacejs. 

Xjrroup  6.  Ovary  free,  or  with  the  base  merely  coherent  with  the  tube  of  the 
calyx,  one-celled,  with  a  free  central  placenta.  Stamens  inserted  into  the 
regular  corolla  opposite  its  lobes !  which  they  equal  in  number.  Seeds 
albuminous. 

Shrubs  or  trees  (all  tropical) :  fruit  drupaceous.  Myrsinacea. 

Herbs  :  fruit  capsular.  Prihulacejc. 

Group  7.  Ovary  free,  one-celled,  with  a  single  ovule ;  or  two'Kielled  with 
several  ovules  attached  to  a  thick  central  placenta.  Stamens  as  many  as 
the  lobes  of  the  regular  corolla  or  the  nearly  distinct  petals.  Seeds  albu- 
minous. 

Ovary  two-celled :  style  single :  stamens  4,  or  rarely  less.  Plantaoinaceje. 
Ovary  one-celled  :  styles  and  stamens  5.  Fluhbaoinacea. 

Group  8.     Ovary  free,  or  rarely  partly  coherent,  one-  or  two-  (or  spuriously 
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foar-)  celled,  with  nameroos  OYules.    Corolla  bilabiate  or  irregnlar;  the 
stamens  inserted  upon  its  tube,  and  mostly  fewer  than  its  lobes. 

Oraiy  I -celled  with  a  central  placenta.    Stamens  2.  Lbntibulaciub. 

Ovary  1 -celled,  or  spuriously  2-  5-celled  with  parietal  placentae^ 
Seeds  very  numerous  and  minute,  albuminous. 
Plants  destitute  of  green  herbage.  Orobanchacejb. 

Plants  with  green  herbage.  Gesneriacejb. 

Seeds  few  or  many,  large :  albumen  none.  Bionokiacba. 

Ovary  2*celled,  with  the  placentae  in  the  axis. 
Corolla  convolute  in  sestivation.    Seeds  few ;  no  albumen.       AcANXHACEiB. 
Corolla  imbricated  in  ssstivation.    Seeds  albuminous.      Scrophulariacejc. 

Group  9.  Ovary  free,  two-  to  four-lobed,  or  at  least  separating  or  splitting 
into  as  many  one-seeded  nuts  or  achenia,  or  drupaceous.    Corolla  regular 

"^  or  irregnlar ;  the  stamens  inserted  on  its  tube,  equal  in  number  or  fewer 
than  its  lobes.    Albumen  little  or  none. 

Stamens  4,  didynamous,  or  2.    Corolla  more  or  less  irregnlar. 

Ovary  not  4-lobed  :  style  terminal.  Yerbenacbjs. 

Ovary  of  4  lobes  around  the  base  of  the  style.  Labiatje. 

Stamens  5.    Flower  regular.    Leaves  alternate.  Borraginacejs. 

Group  10.  Ovary  free,  compound,  or  rarely  the  carpels  two  or  moro  and  dis- 
tinct :  the  ovules  usually  several  or  numerous.  Corolla  regular ;  the  sta- 
mens inserted  upon  its  tube,  as  many  as  the  lobes  and  alternate  with  them. 
Seeds  albuminous. 

Placentas  2,  parietal  (sometimes  expanded  or  united).    Embryo  minute. 

Hairy  herbs.    Albumen  cartilaginous.  Hydrophtllacejq. 

Smooth  herbs.    Albumen  fleshy.  Gentianaceje. 

Placentae  in  the  axis  :  ovary  with  2,  3,  or  rarely  several  cells. 

Embryo  large,  coiled  or  folded.    Seeds  few.  Convolvulacbjb. 

Embryo  straight,  with  broad  cotyledons.  PoLEMONiACEiB. 

Embryo  curved,  rarely  straight,  slender.    Seeds  numerous.         Solanacejs. 

Group  11.  Ovaries  2  and  distinct  (or  sometimes  united),  but  the  stigmas  united 
into  one  and  often  the  styles  also.  Stamens  as  many  as  and  alternate  with 
the  lobes  of  the  regular  corolla,  which  is  convolute,  or  rarely  valvate  in 
aestivation.  Anthers  often  connected  with  the  stigma.  Fruit  usually  a  pair 
of  follicles.  Seeds  mostly  numerous,  often  comose.  Embryo  large  and 
straight,  in  sparing  albumen.    Juice  nulky. 

Pollen  powdery.  Afoctnacba. 

Pollen  in  waxy  or  granular  masses.  A8CLBpiai>ace2b. 

Groap  1 2.  Ovary  free,  two-celled,  the  cells  mostly  two-ovuled,  and  the  fruit  one- 
seeded.  Corolla  regular  (sometimes  nearly  polypetalous  or  wanting) ;  the 
stamens  (two)  fewer  than  its  lobes.  —  Shrubs  or  trees. 

Seeds  erect.    Corolla  imbricated  or  contorted  in  aestivation.  Jasminacea. 

Seeds  suspended.    Corolla  valvate  in  testivation.  OusACBiS. 


\ 
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837.  Ord.  Ciprifollieei)  (SimegmeiU  Family).  Mostly  shrulM, 
often  twining,  with  opposite  leaves,  and  no  etipulcs  (but  Viburnum 
often  has  appendages  like  them).  Caljx-tube  adnale  lo  the  2  -  5- 
celled  ovary;  the  limb  4-5-cleft.  Corolla  regular  or  irregular. 
Stamens  inserted  on  the  corolla,  as  many  as  the  petals  of  which  it  is 
composed,  and  alternate  with  them,  or  rarely  one  fewer.  Fruit 
tnostly  a  berry  or  drupe.  Seeds  pendulous,  albuminous. — JSx,  The 
Honeysuckles  (Lonicera),  which  have  usually  a  peculiar  bilabiate 
corolla  (473),  the  Snowberry  (Symphoricarpus),  DierriUa,  which 
has  a  capsular  fruit,  &C.,  compose  the  tribe  Lomicebea,  character- 
ized by  their  tubular  flowers  and  filifbnn  style:  while  the  Elder 
(Sambucus)  and  Viburnum,  which  have  a  rotate  or  um-shaped 
corolla,  form  the  tribe  Saubucb.^.    Chiefly  plants  of  temperate 


regions.  Several  species,  such  as  Honeysuckle,  Ac,  are  widely 
cultivated  for  ornament.  They  are  generally  bitter,  and  rather 
active  or  nauseous  in  their  properties. 

838.  Ord.  SnbiatCS  (Sfadder  Family).  Shrubs  or  trees,  or  often 
herbs,  with  the  entire  leaves  either  in  whorls,  or  opposite  and  fur- 
nished with  stipules.     Calyx-tube  completely,  or  rarely  incompletely 

no.  SSB.  Bnoehof  LoDl«iK(X;1(wtMii)DbIoiigltSlli:  tta«  twacnrlvBolud!  SO).  Lo- 
Idnn  (CipilltoLiiiiii)  pcnHlon.  861.  A  flomi  ibout  the  nitnnl  iln.  gsa.  LoiigttDdliitl  hc- 
4bm  of  tim  onrj.    868.  Long^taiUDal  atetioa  oT  fe  n.-ytft«i  k««d,  thcnrlng  tbt  albiua*&  Mai 
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adnat«  to  the  2-5-celled  ovniy;  the  limb  four-  or  flve-cleft  or 
'toothed,  or  occasionally  obsolete.  Stajneoa  as  manj  as  the  lobe^  of 
the  regular  corolla,  and  alternate  with  them,  inserted  on  the  tube. 
Fruit  various.  Seeds  albuminous.  —  Tbia  eiclensive  family  di%-ides 
into  two  principal  euborders,  viz. ;  — 

839.  Sobord.  Stellattn  {Madd«r  Family  proper).  Herba,  with  the 
leaves  in  wborls  ;  but  all  except  a  single  pair  are  generally  supposed 
to  lake  the  place  of  stipules.  —  Ex.  Galium,  RubU  (the  Madder), 
&e.,  nearly  all  belonging  to  the  colder  parts  of  the  world.  The  roots 
of  Madder  yield  the  important  dye  of  that  name ;  and  those  of 
several  epecies  of  Galium  are  imbued  with  a  Eimilar  red  coloring- 
matter. 

840.  8Dbard.  ClnthODCn  (Peruvian-Bark  Family).  Shrubs,  trees, 
or  herbs  ;  the  leaves  opposite  and  fomished  with  stipules,  which  are 
very  various  in  form  and  appearance. — Ex.  Cephalanthus  (Button- 


brush),  Pinkneya,  and  an  immense  number  of  tropical  genera. 
Tery  active,  and  generally  fehriiugal  properties  prevail  in  this  large 
order.  It  furnishes  some  of  the  most  valuable  known  remedial 
agents,  among  them  Peruvian  Bark  or  Cinchona,  and  IpeixuMonka. 


a<t  MpuUliig,    8^7.  Tertlctl  awCkm  ol 

,  of. Howct  of  Galium. 

icrldeaUlli,  the  BiitMn-BDib.    870.  A 
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The  febrifugal  properties  of  the  former  depend  on  the  presence  of 
tvfoalkti'oiAB,Oineho»ia  and  Quima,  both  combined  with  Kinie  acid. 
The  Quinquina  bartt,  which  are  derived  from  some  epccies  of  Kx- 
ostemma  and  other  West  Indiftn,  Mexican,  and  Brazilian  genera, 
eonlain  neither  cinclionia  nor  quinia.  The  bai'k  of  Finclineya  pu- 
bens,  of  the  Southern  United  States,  has  been  substituted  for  Cin- 
chona. —  The  true  IpecacuanAa  is  furnished  by  the  roots  of  Cepha- 
ffitis  Ipecacnanha  of  Brazil  and  New  Granada.  Its  emetic  principle 
(called  Emetine)  also  exists  in  Psychotria  emetica  of  ^New  Granada, 
which  furnishes  the  ttriattd,  black,  or  Peruvian  Ipteacaattha.  The 
order  likewise  furnishes  Coffee,  the  homy  seed  (albumen)  of  CofTEca 
Arahica.  According  to  Blume,  tlie  leaves  of  the  Coffee-plant  are 
used  as  a  substitute  for  tea  in  Java. — To  this  order  may  be  ap- 
pended, either  as  a  suborder,  or,  as  in  a  general  work  it  is  more  con- 
veniently regarded,  the 


841.  Ord.  loEUliacea,  which  may  be  briefly  said  to  be  Rubiacen 
with  a  free  calyx,  and  manifestly  connected  with  the  Cinchonets 
through  the  Houstonia  section  of  OldenUndia,  with  a  partly  free 

irolt*.  BTS,  BT4  Tht  two  Mru  at  flDinn  thit  dtDer. 
d  optD ;  on«  with  tta*  icuneiu  >t  (be  bun,  tha  otber 
Ogun  ilian  ilH  k  HCIioii  of  tha  amj.  875.  Crou- 
Aothei  leH  tDlatged,  Dpenlng  longUudtntlly.    BIT. 
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calyx.  On  the  other  hand,  Ihey  run  dose  to  Scrophulariacew  and 
Apocynacete. — SpigelJa  Marilandica  (the  Carolina  PJnk-rool,  a 
well  known  Tennifiige,  of  Bomewhat  acrid■^lR^cotic  iM^perties),  and 
GeUenutim  (the  so-called  Yellow  Jessamine  of  the  Southern  States) 
are  the  most  conspicnouB  representatives  of  the  group  io  this  coun- 
try. The  active  properties  of  the  femily  are  most  cooBpicuoua  ia 
species  of  Strychnos.  The  &tal  drug,  JVkr-vomiea,  from  which 
ttrgciniiu  is  extracted,  consists  of  the  seeds  of  an  East  Indian 
Strychnos.  Timie,  anotlier  frightful  poison,  ia  prepared  frmn  a 
Java  species,  and  the  Ouari  poison  of  South  America,  fixim  a  Uiird 
species.  IMeanwhile  a  Brazilian  species,  S.  Fseudoquina,  has  a  harm- 
less fruit,  and  its  bark  (  Copakke  bark)  is  reputed  to  be  an  exoelleni 
febrifuge,  fully  equal  to  Cinctuma. 

842.  Ord.  Talcrianacec  (  Vaim-ian  Fmnily).  Herbs  with  c^posite 
leaves,  and  no  stipules.  Flowers  often  in  cymes,  panicles,  or  heads. 
Limb  <tf  the  adnata  calyx  two-  to  four-toothed,  obsolete,  or  else 


forming  a  kind  of  pappus.  Corolla  tubular  or  fiinnel-form,  some- 
times with  s  spur  at  the  base,  four-  or  flve-lobed.  Stamens  distinct, 
inserted  on  the  corolla,  usually  fewer  than  its  lobes.     Ovary  one- 
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enil'^,  with  one  perfect  c^  and  two  abortive  ones.  Fruit  a  kind 
of  acbenium.  Seed  suspended,  exalbuminoua.  Embr}'o  straight, 
radicle  auperior, — Bx.  Valeriaiia,  the  Valerian,  and  Fedia,  the  LAmb' 
Lettuce :  the  latter  is  eaten  as  a  ealad.  The  perennial  Bpecies, 
et^ieciall^  the  roots,  exhale  a  heavy  and  peculiar  odw,  have  a  some- 
what bitter,  acrid  taste,  ajid  are  antispasmodic  and  vermifiigal. 
Valeriaiit  of  the  shops  is  chiefly  from  Valeriana  offldnalis  of  the 
South  of  Europe.  It  produces  a  peculiar  intoxication  in  e&tn.  The 
large  roots  of  V.  edulis  are  eaten  by  the  aborigines  of  Oregon. 
Tl>e  famous  Spihrnard  of  the  ancients,  esteemed  ad  a  stimulant 
medicine  as  well  as  a  perfume,  is  the  root  of  a  Nardostachys  of  the 
Himalayas. 

843.  Ord-  DipUKI  {Te€uel  Family).  Herbs,  with  opposite  or 
whorled  sessile  leaves,  destitute  of  stipules.  Flowers  in  dense 
heads,  which  are  surrounded  by  an  involucre.  Limb  of  the  adnate 
calyx  cup-shaped  and  entire  or  toothed,  or  foiining  a  bristly  or 
plumose  pappus.  Corolla  tubular ;  the  limb  four-  or  five-lobed,  some- 
what irregular.  Stamens  four,  distinct,  or  rarely  united  in  pairs, 
oAen  unequal,  inserted  on  the  corolla.  Ovary  one-celled,  one-ovuled. 
Seed  suspended,  albuminous.  —  Ex.  Dipsacus,  the  Teasel,  and 
Scabiosa,  or  Scabious.  All  natives  of  the  Old  World.  7>qm?s  are 
the  diied  heads  of  Sipsacns  fullontim,  covered  with  stiff  and  spiny 
bracts,  with  recurved  points. 

844.  Ord.  CompOKitS  {Composite  or  Sunflower  Family).  Herbs 
or  shrubs;  with  the  fiowers  in  heads  (compound  flowers  of  the 


older  botanists,  S94,  Fig.  823  -  325),  crowded  on  a  receptade,  and 
surrounded  by  a  set  of  bracts  (scales)  forming  an  involucre  j  the  sep- 
arate flowers  often  furnished  with  bractlets  {chaff,  pahte).  Limb  of 
the  adnate  calyx  obsolete,  or  a  pappus  (Fig.  569-573),  consisting 

via.  88T.  Abml oTBoinn or 01111017 (ng.SZajTiiUeidljrrUTliM. 
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of  hairs,  bristles,  scales,  &c.  Corolla  regular  or  irregular.  Sta- 
mens five,  as  many  as  the  lobes  or  teeth  of  the  regular  corolla,  in- 
serted on  its  tube :  anthers  united  into  a  tube  (synge7i€Siou8,  Fig. 
463,  464).  Style  two-cleft.  Ovule  solitary,  erect,  anatropous. 
Fruit  an  achenium  (Fig.  568-573),  either  nf^ed  or  crowned 
with  a  pappus.  Seed  destitute  of  albumenn.  Embryo  straight.  — 
This  vast  but  very  natural  family  is  divided  into  three  series  or 
suborders ;  \\z, :  — 

845.  Snbord.  Tobnliflonr.  Corolla  tubular  and  regularly  four-  or 
five-lobed,  either  in  all  the  flowers  (when  the  head  is  discoid),  or  in 
tlie  central  ones  (those  of  the  disk)  only,  the  marginal  or  ray  fiowen 
presenting  a  ligtdate  or  strap-shaped  corolla.  —  Ex,  Liatris,  Eupato- 
rium,  &c. ;  where  the  heads  are  hamogamotu,  that  is,  the  flowers  all 
tubular,  similar  and  perfect:  Helianthus  (Sunflower),  Helenium, 
Aster,  &c. ;  where  the  heads  are  heterogamous  ;  the  disk  fiowen 
being  tubular  and  perfect,  while  those  of  the  ray  are  ligvlate,  and 
either  pistillate  only,  or  neutral^  that  is,  destitute  of  both  stamens 
and  pistils. 

846.  Subord.  Labiatiflors.  Corolla  of  the  disk-flowers  bilabiate.  — 
Mx,  Chaptalia,  of  the  Southern  United  States ;  and  many  South 
American  genera,  &c. 

847.  Sobord.  Ligoliflors.  Corolla  of  the  flowers  (both  of  the  disk 
and  ray)  all  ligulate  and  perfect.  —  Ex,  The  Dandelion,  Lettuce, 
Cichory  (Fig.  887),  &c, 

848.  This  vast  family  comprises  about  a  tenth  part  of  all  Phae- 
nogamous  plants.  A  bitter  and  astringent  principle  pervades  the 
whole  order ;  which  in  some  is  tonic  (as  in  the  Chamomile,  the 
Boneset  or  Thorough  wort,  <&c.) ;  in  others,  combined  with  mucilage, 
so  that  they  are  demulcent  as  well  as  tonic  (Elecampane  and  Colts- 
foot) ;  in  many,  aromatic  and  extremely  bitter  (such  as  Wormwood 
and  all  the  species  of  Artemisia)  ;  sometimes  accompanied  by  acrid 
qualities,  as  in  the  Tansy  and  the  Mayweed,  the  bruised  fresh  herb- 
age of  which  blisters  tlie  skin.  The  species  of  Liatris,  which  abound 
in  terebinthine  juice,  are  among  the  reputed  remedies  for  the  bites 
of  serpents ;  so  are  some  species  of  Mikania  in  Central  America. 
The  juice  of  Silphium  and  of  some  Sunflowers  is  resinous.  The 
leaves  of  Solidago  odora,  which  owe  their  pleasant  anisate  fragrance 
to  a  peculiar  volatile  oil,  are  infused  as  a  substitute  for  tea.  From 
tlie  seeds  of  Sunflower,  and  several  other  plants  of  the  order,  a  bland 
oil  is  expressed.     The  tubers  of  Helianthus  tuberosus  are  eaten 
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under  the  name  ofJervtalem  arlithoiet;  Giifi$o!a,  the  Italinn  name 
of  Sunflower,  having  become  Anglicized  inio  Jeni»ilem.  True  artt- 
chotei  are  the  fleshy  reeeplacle  and  imbricaU'ii  Mules  of  Cynnra 
Scolymus.  The  flowers  of  Carthnmus  tlnctorius,  often  ca11e<t  Saf- 
fron, yield  a  yellow  dye.  much  inferior  in  quality  to  true  Saffron. 
—  The  Liguliflone,  or  Cichoraeeip,  all  have  a  milky  juice,  which  b 
narcotic  and  has  been  employed  as  a  substitute  for  opivm.  The 
bland  young  leaves  of  the  garden  Lettuce  are  a  common  saLid.    The 


u  ot  ttas  Idt 


roasted  roots  of  the  Wild  Succory  (Cichorium  Inlybus)  are  ex- 
no,  888.  Bead  of  Uttita  •qanoB  (dlndl  i  tba  flovna  ill  tabnUr  ind  p«f«t).  BS8. 
Th*  BUM,  vllb  tlM  Kaluof  Dpi  ddsof  Uu  ImbrlaUd  IotdIucts  remored;  ind  aIbo  aJl  Uia 
flowcn  but  OM,  ihDiilDg  the  ntked  flat  r«eptul«.  BM.  Portion  of  one  or  the  plumiwa  brig- 
tlH  or  Iha  capilluj  pappiu     891   Hiad  oT  Uekulniii  antumula  (bomogunou) ,  Itn  nya 

na  tn  >  riogla  aarlea.    893.  HigDllled  dbk-aovar  of  tlia  ouna :  Iha  conlln 

■boutlnKslaa.  SS6.  A  ohnfl ot  ths  pitppua  mon  Dwesiaed.  8W  A  lubulH oonlli  oT  tfala 
i!UQU;  Wd  opaiif  ahovlns  tha  TaoatloD  \  aod  also  tha  Dre  fl^DEODcaLoui  aDthan  uokted  In  a 
toba,  Ihrmigfa  wbkh  tha  two-aleft  atria  paaaeL  B87.  Head  ot  Dracopli  amplailcuiUi,  iriUi 
tha  flowan  tamorcd  (VoEa  tba  «lajgated  aplho-Uk*  lacvptacla,  eicapt  atfrr  IB  tba  but:  a, 
aehaolaEa  oT  on*  of  the  diik-floiifln  magolfledf  partly  anckaad  bj  Ita  btwitlBt  (chaff  or 

cvptut*  of  Onopordon  or  Cottoa-Tblatla.    BCft.  A  parfaot  and  Ugqlala  flower  o 
Titb  ltd  hair-Ilka  or  eaj^llary  pappna. 
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tCTiniTelj  used  to  adulterate  coffee :  and  Ihe  roots  of  some  epe«ies 
of  Tnigopogon  (SaLiifj,  Oyrier-planl)  and  Seorzonera  are  well- 
known  esculents. 

849.  Ord.  Ubeliune  (Lohdia  Family).  Herbs  or  somewhat 
shruliby  plants,  often  yielding  a  milky  juiee,  with  altenrnte  learei 
and  perfect  flowers.  Limb  of  the  adnate  calyx  flve-cleft.  Corolla 
irregularly  flve-lobed,  usually  aj^aring  bilabiate,  deft  on  one  side 
dearly  or  quite  to  the  base.  Stamens  5,  epigynouii,  coherent  into  a 
tube.  Stigma  fringed.  Capsule  one  —  scTeral-celled,  many-seeded. 
Seeds  albuminous.  —  Er.  Lobelia.  All  narcotico-afrid  poisons- 
The  well-4(nown  Lobelia  inflala  (Indinn  Tobacco)  is  one  of- the  most 
powerful  articles  of  the  materia  medica,  and  mo^t  dangerous  in  the 
hands  of  the  reckless  quacks  who  use  it. — This  order  is  only  a 
form  of  the  next,  with  irregular  flowers. 

850.  Ord.  CampBDnlaeet  {Campanula  Family).  Herbs,  like  the 
last,  but  the  juice  less  acrid,  and  the  corolla  regular,  campanolale. 


usually  five-Iobed,  withering.     Stamens  five,  distinct.     Style   fur- 

f  IQ.  900.  OunpHinte  TatoDdltbllt,  miuh  nduwl  Id  lii*.  001.  LobeUi  loSiite,  ndnceil  In 
d».  SOZ.  Aflowu.enluged.  903.  Tlw  DaKedDluimUuduiUieiaeiieladiiK  th*  ityla;  tlu 
ntciUiiDd1lmborth«eil>Isutln7.     SH.  TtKHJgm&niminndid  bf  ifringa.     SOg.  TlUb 
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»ii  Iwd  with  collecting  hairs.  —  Ex.  Campanula  (Bell-floweir,  llare- 
htill).  Fhints  of  little  known  importance  to  mao,  except  for  or- 
nament. 

851.  fM. 'Etitaat  (I&ath  Famili/).  Shfube,  or  Email  trees,  rarely 
herbs.  Flow^s  regular  and  symmetrical,  or  nearly  bo  j  the  petals 
sometimes  distinct  Stamens  mostlj  distinct,  free  from  the  corolla, 
as  many  or  Iwjce  as  many  as  its  ktbes,  and  inserted  with  it  (diher 
hypogynous  or  epigynous) :  anthers  oAen  appendaged,  commonly 
opening  by  terminal  pores.  Pollen  compound  (of  four  united 
grains)  except  in  the  last  suborder.  Styles  and  stigmas  united  into 
one.  Ovary  with  two  or  more  cells  and  usually  numerous  ovules, 
free,  or  in  Vaccines  coherent  with  the  calyx-tube.  Seeds  usually 
indefinite,  albuminous.  —  Most  botanists  give  the  rank  of  orders  to 
the  following  suborders. 


852.  Snbord.  TaCCinieie  (  Whortleberry  Family).  Ovary  adnate  to 
the  tube  of  the  calyx,  becoming  a  berry  or  drupaceous.  Anthers 
two-celled ;  the  cells  nearly  distinct,  mostly  prolonged  above  mto  a 
tube.  Shrubs,  with  scattered  or  alternate  leaves,  often  evergreen.  — 
Ex.  Vaccinium  (Bilberry,  Blueberry,  Cranberry)  and  Gaylussacia 
(Whortleberry  or  Huckleberry). 

853.  guboH.  EricineiE  {True  Heath  Family).  Ovary  free  from 
the  calyx.  Fruit  capsular,  sometimes  baccate  or  drupaceous. 
Mostly  shrubs.  Leaves  various,  oflen  evergreen.  Petals  rai'ely 
dis'tinct. — £hc.  Erica  (Heath),  Kalmia,  Rhododendron,  Gaultheria, 
Andromeda,  &c. 


908.  KoUnBil  flcmr.vlCh  IH  pedicel  imd 
m  euUHKwL  filO  Tbe  eapeiUe  of  B.  ruad- 
a  bnaklitf  avAy  tnm  (be  penlat«iit  udi. 
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854.  Snbord.  EpafridetC  {Epaerit  Family).  Shrubbj  plants  of 
the  Southern  hemi^ipliere,  wilh  the  aspect  and  character  of  Heaths, 
but  the  anthers  one-celled  are  not  appendaged. 

855.  SobOTd*  Pyrolee  {Pyrola  Family).  Ovary  free  from  the 
oalyi.  Petalfl  distinct.  Anthere  two-celled.  Frnit  a  capsule. 
Seeds  with  a  very  loose  cellular  testa.  Mostlj  herbe.  Leaves  flat 
and  broad,  evergreen.  —  Ex.  Pyrola,  Chimaphila. 


856.  Subord.  MoiiOlropcte  (Indian-Pipe  Family).  Ovary  free  from 
the  calyx.  Petals  distinct  or  united.  Anthers  two-celled,  or  con- 
fluently  one-celled.  Pollen  simple.  Fruit  a  capsule  Seeds  with 
a  loose  or  winged  testa.     Parasitic  herbs,  destitute  of  green  color. 


:h«  0Hdfl  mDmed  ivna  Uie  plBCflnta  In  Doe  FfiU).  014.  Uoriuirttai  HctJoD  of  thv  nmflf  abDir, 
^g  tbe  flTe-cvlled  up^ule,  wiUiBpluenta  proceeding  ^om  tba  Icmv  kd^Ib  of  «^^  chIL    9I&. 

ouQBcdTDpi  nirDisbut  nlth  two  Kppflnd&geB.  920.  StAm«i]  or  bd  Andromedk  (Cuslope),  ahov.- 
3ff  the  KppeDdafea  of  the  connecClTiun.  021.  Sbuuea  of  Arct«tapliy]«  UTA-U»i,  ahowliis 
lie  KpaTKt4  aDtber-celbi,  opeDLng  b;  m  tenutiuL]  pan,  the  appbidaget  dT  the  oom»ctJTiuii,  bid 
Ih  Olwient,  which  !•  iwollen  it  the  bHg. 
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and  with  scales  instead  of  leaves.  —  &.  Monotropa,  the  Indian- 
Pipe  and  Pinesap. 

857.  In  this  diversified  and  widely  diffused  oixler,  the  bark  and 
foliage  are  generally  astringent,  often  stimuhint  or  aromatic  from  a 
volatile  oil  or  a  resinous  matter,  and  not  seldom  narcotic  Thus,  the 
leaves  of  Rhododendron,  Kalmia,  and  all  the  related  plants,  are 
deleterious  (being  stimulant  narcotics),  or  suspicious.  The  honey 
made  from  their  flowers  is  sometimes  poisonous.  The  Uva-Ursi 
and  the  Chimaphila  (Pipsissewa)  are  the  chief  medicinal  plants  of 


CN 


9» 


the  order.  The  berries  are  generally  edible,  and  some  are  largely 
used  for  the  dessert;  as  Cranberries,  Blueberries,  and  Huckleber- 
ries. The  fleshy  calyx  of  Gaultheria  (Checkerberry,  or  Winter- 
green)  has  a  very  pleasant  and  well-known  aroma.  Many  Ericaceaa 
are  cultivated  for  ornament,  especially  Rhododendrons  and  Azaleas, 
Heaths  and  Epacrises. 


FIO.  922.  Pyrola  ehlorantha,  lednoed  In  rise.  928.  Enlarged  flower.  924.  Magnified  sta- 
men.  926.  Pistil.  926.  Crom-eection  of  the  capsule.  927.  A  highly  magnified  seed  928  The 
xmcleos  nmored  from  the  looee  oellnlar  testa,  and  diTided,  showing  the  yery  minute  embryo. 

FIG.  929.  Monotropa  uniflora.  980.  A  petal.  931.  Capsule,  with  the  stamens.  932  Tians. 
Terse  section  of  the  same ;  the  thick  and  lobed  placenta  covered  with  very  minute  seeds. 
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858.  Ord.  Aqnifoliaces  {Holly  Family).  Trees  or  shrubs,  com" 
monly  with  coriaceous  leaves,  and  small  axillary  polygamous  flowers. 
Calyx  of  four  to  six  sepals.  Corolla  four*  to  six-parted  or  cleft : 
the  stamens  as  many  as  its  segments  aiKl  alternate  with  them,  in' 
serted  on  tlie  base  of  the  corolla.  Antliers  opening  longitudina]ly. 
Ovary  two-  to  6ix-<;elled  \  the  cells  with  a  single  suspended  ovule* 
Fruit  drupaceous,  with  two  to  six  nutlets.  Emlwyo  miitute,  in  hard 
albumen.  —  Ex.  Ilex,  the  Holly,  &c.  The  bark  and  leaves  contain 
a  tonic,  bitter,  extractive  matter.  The  leaves  of  a  species  of  Ilex 
Mre  used  for  tea  in  Paraguay :  and  the  famous  Hack  drink  of  the 
Creek  Indians  is  jH'epared  from  the  leaves  of  Bex  vomitoria  (Cas- 
sena)  ;  which  are  still  used  as  a  substitute  for  tea  in  some  parts  o^ 
the  Southern  States. 

859.  Ordi  Ebenaees  {Ebony  Family),  Trees  or  shrubs,  destitute 
of  milky  juice,  with  alternate,  mostly  entire  leaves,  and  polygamous 
flowers.  Calyx  three-  to  six-cleft,  free  from  the  ovary.  Corolla 
three-  to  six-deft,  often  pubescent.  Stamens  twice  to  four  times  as 
many  as  the  lobes  of  the  corolla,  inserted  on  them.  Ovary  three-  to 
several-celled ;  the  style  with  as  many  divisions.  Fruit  a  kind  of 
berry,  with  large  and  bony  seeds.     Embryo  shorter  than  the  hard 
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albumen.  —  Ex,  Diospyros,  the  Persimmon.  The  fruit,  which  \s 
extremely  austere  and  astringent  when  green,  becomes  sweet  and 
eatable  when  fully  ripe.  The  bark  is  powerftilly  astringent.  Eb- 
ony is  the  wood  of  Diospyros  Ebenus  and  other  African  and  Asiatic 
species. 

860.  Ord.  StyraeaceS  {l^orax  Family).     Shrubs  or  trees,  trftb  per- 

FIO.  88S.  Perfect  flower  of  Dio^yrM  Virginiana,  the  Peraimmoa..  934.  The  corolla,  laid 
open,  and  stamens.  936.  The  fruit.  936  Section  through  the  fruit  and  bon/  seeds.  937. 
Vertical  /section  of  a  leed.    938   The  detached  embryo. 
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feci  flowers.  Calyx-tube  generally  coherent  either  with  the  base  of 
the  OYBrjy  or  with  its  whole  surface.  Petals  often  distinct  or  nearly 
so.  Styles  and  stigmas  perfectly  united  into  one.  Stamens  definite, 
or  in  the  suborder  Symplocine^  mostly  indefinite ;  filaments  more 
or  less  united.  Cells  of  the  ovary  opposite  the  calyx-lobes.  Other- 
wise much  as  in  the  last  family.  —  iSb.  Styrax,  Halesia,  Symplocos. 
Some  yield  a  fi*agranty  balsamic  resinous  substance ;  such  as  Storax 
and  Benzoin,  containing  Benzoic  acid.  The  sweet  leaves  of  our 
Symplocos  tinctoria  afford  a  yellow  dye. 

861.  Ord.  SapolaetB  (SapodtUa  Family).  Trees  or  shrubs,  usually 
with  a  milky  jiiice  ;  the  leaves  alternate,  entire,  coriaceous,  the  up- 
per  surface  commonly  shining.  Flowers  perfect,  regul^,  axillary, 
usually  in  clusters.  Corolla  four-  to  eight-  (or  many-)  cleft.  Sta- 
mens distinct)  inserted  on  the  tube  of  the  corolla,  commonly  twice 
as  many  as  its  lobes^  half  of  them  fertile  and  opposite  the  lobes,  the 
others  petaloid  scales  or  filaments  and  alternate  with  them :  anthers 
extrorse.  Ovary  4  — 12H?elled,  with  a  single  ovule  in  each  cell. 
Styles  united  into  .one.  Fruit  a  berry.  Seeds  with  a  bony  testa, 
with  or  without  albumen. — -Ex.  Bumelia,  of  the  Southern  Unitecl 
States.  The  fruit  of  many  species  is  sweet  and  eatable ;  such  a? 
the  Sapodilla  Plum,  the  Marmalade,  the  Star- Apple,  and  other  West 
Indian  species.  The  large  seeds,  particularly  oi  some  kinds  of 
Bassia,  yield  a  bland  fixed  oil,  which  is  sometimes  thick  and  like 
butter,  as  in  the  Chee  of  India  (B.  butyracea),  and  the  African 
Butter-tree. 

862.  Ord.  lyrsinaeeir.  Trees  or  shrubs,  mostly  with  alternate 
coriaceous  leaves,  which  are  often  dotted  with  glands,  and  with  all 
the  chara<^ters  of  Primulaceae,  except  the  drupaceous  fruit  and  arbo- 
rescent habit. ' —  Nearly  all'  tropical  (Ardisia,  Myrsine). 

863.  Ord.  PriinnlaCf8B  {Primrose  Family).  Herbs,  with  opposite, 
whorled,  or  alternate  leaves,  often  with  naked  scapes  and  the  leaves 
crowded  at  the  base.  Flowers  regular.  Stamens  inserted  on  the 
tube  of  the  corolla,  as  many  as  its  lobes  and  opposite  them  !  Ovary 
free,  with  one  partial  exception,  one-<3elled  with  a  free  central  pla- 
centa.! Ovules  mostly  indefinite  and  amphitropous.  Style  and 
stigma  single.  Fruit  capsular :  the  fleshy  central  placenta  attached 
to  the  base  of  the  cell.  Seeds  albuminous.  Embryo  transverse.  -— 
Mc.  Primula  (Primrose),  Cyclamen,  Anagallis.  In  Samolus,  the 
calyx  coheres  with  the  base  of  the  ovary,  and  there  is  a  row  of 
sterile  filaments  occupying  the  normal  position  of  the  first  set  of 
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Btamens,  namely,  alternate  with  the  lobes  of  the  corolla.     Several 
atv  ornamental  in  cultivation,  such  aa  Frimroties  and  Auricala& 


86i.  Ord.  PlantBginBteiE  (Plantain  Famitg).  Chieflj  low  herbs, 
with  small  epiked  flowers  on  scapes,  and  ribbed  radic-al  leaver. — 
Calyx  four-deft,  persisIenL  Corolla  tubular  or  um-shaped,  scarious 
iind  persistent;  the  limb  four-cleft.  Stamena  four,  rarely  two,  in- 
:  erted  on  the  tube  of  the  corolla  alternate  with  its  segments ;  the  per- 
i  istent  filaments  long  and  flaccid.  Ovary  two-celled :  style  single. 
Capsule  membranaceous,  circumcissile ;  the  cells  one-  to  several- 
seeded.  Embryo  large,  straight,  in  fleshy  albumen.  —  £x.  Plantago, 
ihe  PlantiuD,  or  Eibgrass,  is  the  principal  genus  of  the  order.  Of  no 
important  economical  qualities. 

865.  Ord.  Plnn^agiDacecr   (Leadicort  Family).     Perennial  herbs, 

no.  939.  PilmnlBHkUsihilM.  940.  Tbe  eonlU  nmcmd ;  It*  tab*  Uil  ^en.  941.  The 
calTi  (Uvidad  TsrUoltj,  ihovlng  the  piitll.  942.  Tertlal  mUon  of  tbe  amy  ud  of  tba  fna 
ceatnl  placoila,  comed  with  omlea,  vUch  uarl;  fllla  tiia  ceU.  943.  Ctpaolg  of  Pibaulk 
veria,  (Mibceot  tH  tba  niioiElt  hj  noinennu  tcath.  944.  A  magidflad  Had.  946.  Saetloii  of 
t^a  wna,  aiblbltint  tba  Cnimana  anbryo. 

PIO.  946.  Braucb  of  Ana^lli  tmtait  (Plmpaniel),  with  n  opnile  BbvutnE  tbe  ttoa  of  clr- 
( umclHila  deUKSDca.    947   Tba  apanle  (pyils),  iriUi  tb»  lid  (Uling  awa;. 
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or  BomewLat  Ehnibbj  plants;  with  the  iiowera  often  on  simple  or 
brandling  scape?,  and  the  leaves  crowded  at  the  base,  entire,  mostly 
sheathing  or  clasping.  —  Cntyx  tubular,  plaited,  five-to<rthed,  persist- 
ent. Corolla  salver-ehaped,  with  a  five-parted  limb,  the  five  etamena 
inserted  on  the  receptacle  opposite  its  lobes  (Plumbago)  ;  or  else  of 
five  almost  distinct  unguiculate  (acarious  or  coriaceous)  petab,  with 
the  stamens  inserted  on  their  claws !  (Statice,  Ac.)     In  the  former 


case  the  five  styles  are  united  nearly  to  the  top  ;  but  in  the  latter 
they  are  separate  I  Ovary  one-celled,  with  a  single  ovule  pendulous 
from  a  strap-shaped  funiculus  which  rises  from  the  base  of  the  celL 
Fruit  a  utricle,  or  opening  by  five  valves.  Embryo  large,  in  thin 
albumen. —  Ex.  Statice  {Marsh- Rosemary  or  Sea-Lavender)  and 
Armeria  (Thrift)  ;  sea-side  or  saline  plants.  They  have  astringent 
roots ;  none  more  so  than  those  of  our  own  Marsh -Rosemary  or  Sea- 
Lavender,  one  of  the  purest  astringents  of  the  materia  medica. 

866.  Ord.  ItntibalBCete  {^adderwort  Family).  Small  herbs,  grow- 
■ng  in  water,  or  wet  places,  with  the  flowers  on  scapes  ;  the  leaves 
either  submersed  and  dissected  into  filiform  segments  resembling 
rootlets,  and  commonly  furnished  with  air-bladders  to  render  them 

no,  M8.  A.  flomr  ot  FCutico  nijor,  nilugcd.  MB.  Plitjl.  ECO  Ciiwnle  (pyib,)  with 
IbgDiunKntenolIh    SGI.  CnH-aeetJon  aTBpoduid  nadi.    BSS.  Vtnlal  KcOonofi  iwd. 

no.  ees.  Osnlls,  ind  964.  aljx  of  Thrift  (Annate  nlgula).  BSS  Flit])  «lUi  dlMhKt 
Kyta.    BS6  CruHKtiiia  of  tht  pod  ud  iBad..  SGT.  TnUcid  nnUon  of  the  cum?,  m^niSvl. 
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buojMit,  sometimes  eTtmescent  or  wanting,  or  vhen  produced  in 
the  (ur  entire  and  somewhat  fle^f,  clustered  at  tbe  bafe  of  the 
•cape.  Flowera  showy,  very  irregular.  Calyx  of  two  BCpab,  or 
unequally  flT»-parted.  Corolla  Ulabiate,  personate ;  the  very  short 
tube  apurred.  Stamens  two,  inserted  on  the  upper  lip  of'the  co^- 
rolla :  anthers  confluently  one-cdled.  Ocary  Eree,  one-celled  with  a 
free  ceotral  placenta !  bearing  numerous  ovules.  Seeds  destitute  of 
albumen.  Embryo  straight.  —  Ex.  Utricularia  (Bladderwort),  Pin- 
guicula.     Unimportant  plants. 

867.  Ord.  OretaKfaana  {Broom-Rape  Family).  Herbs,  destitute 
of  green  foliage,  and  with  scales  in  place  of  leaves,  parasitic  on  tbe 
roots  of  other  planta.  Corolla  wilbering  or  persistent,  with  a  bila- 
biate or  more  or  less  irregular  limb.     Stamens  four,  didynamoua. 


1  the  corolla.     Ovaiy  free,  one-ceUed,  with  two  parietal 
placente !  which  are  ollen  two-lobed,  or  divided.     Capsule  enclosed 

FIO.  9GS.  Bnscb  of  Bplphtgtu  Tlrflnluw  (BHOh.dRipi},  nwrljof  th>  natnnl  tin:  th* 
lorer  txnrtrt,  wlUi  ibort  Imperf^et  nroLtaif  kiobe  pndocldg  ripa  fe«di.  ^059-  A  floiiiet  ad- 
lUKiid.    MO.  LmgltDdlD^  Hctioi]  at  tba  hdm.    Sei.  LencKudlnMl  hoOob  of  tlu  si 
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in  the  persistent  corolla.  Seeds  very  nnmerous,  minute.  Embryo 
minute  at  the  extiremity  oi  the  albumen* — £x.  Orobaiichey  Epi- 
phegus  (Beech-drops),  &c  Astringent,  bitter,  and  escharotic  The 
pulverized  root  of  Epiphegus  (thence  called  Cancer*root)  is  aj^lied 
to  open  cancers. 

868.  Ordf  GesneriaecSt  consisting  chiefly  of  trc^Mcal  herbs  or  tender 
shrubby  plants,  with  green  foliage  and  showy  flowers,  the  calyx 
ofiea  partly  adherent  to  the  ovary,  agrees  with  Orobanchaoese  in  the 
parietal  plaoentation,  structure  of  the  seeds,  &c.  Many  are  culti^ 
vated  in  conservatories  for  ornament,  such  as  species  of  Gloxinia 
and  Achimenes. 

869.  Old.  BiglVUiaee9  {Bignonia  Famify).  Mostly  trees,  Or 
climbing  or  twining  shrubby  plants,  with  large  and  showy  flowers, 
and  opposite,  simple,  or  mostly  pinnately-compound  leaves.  Corolla 
with  a  more  or  less  irregular  five-lobed  or  bilabiate  limb.  'Stamens 
five,  of  which  one,  and  often  three,  are  reduced  to  sterile  filaments 
or  rudiments  (Fig.  409),  or  four  and  didynamous.  Ovary  one- 
celled  with  two  parietal  placentae,  or  two-celled  by  a  false  partition 
stretched  between  the  placentae,  or  rarely  by  their  meeting  in  the 
axis.  Pod  two-valved,  many-seeded.  Seeds  winged  (Fig.  601), 
destitute  of  albumen.  Cotyledons  foliaceous,  flat,  hearlHshaped,  also 
notched  at  the  apex.  —  JEx.  Bignonia,  Tecoma  (Trumpet-creeper), 
Catalpa,  and  other  tropical  genera.  Of  little  importance,  except  as 
ornamental  plants. 

870.  Sdbord.  Sesames  (Sesamum  Family)  has  few  said  wingless 
seeds;  the  fruit  gener^y  indurated^ or  drupaceous,  often  two-  to 
four-homed,  sometimes  perforated  in  the .  centre  from  the  dissepi- 
ments not  reaching  the  axis  before  they  diverge  and  become  pla- 
centiferous,  and  spuriously  four-  to  eight-celled  by  the  cohesion  of 
parts  qf  the  placentae  with  the  walls  of  the  pericarp.  —  Fx.  Sesa- 
•mum,  Martynia  (Unicom-plaiit),  and  a  few  tropical  plants.  They 
are  mucilaginous ;  and  the  seeds  of  Sesamum  yield  a  good  fixed  oil. 

871.  Subordi  CrescenUeS)  oonsist^  of  the  Calabash-tree  (Crescenti^ 
Cujete)  and  a  few  allies,  among  the^i  Parmentiera  edulis,  the  Can- 
dle-tree of  Panama,  which  also  have  wingless  seeds.  Tlie  subacid 
pulp  of  the  gouril-like  fruit  is  edible ;  the  hard  shell  is  used  for  bot- 
tles, or  ciddba$hes. 

872.  Ord.  IcanthaceS  {Acanthus  Family).  Herbs  or  shrubby 
plants^  with  btacteate  shOwy  flowers,  and  opposite  simple  leaves, 
without  stipules.     Corolla  bilabiate,  or  sometimes  almost  regularly 
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Are-lobpfl,  canvotute  in  K^tivation  I  Stamens  four  and  didynamoan. 
or  only  two,  the  anterior  pair  being  abortive  or  obsolete.  Ovaiy 
two-celled,  with  the  placenta  in  the  axiti,  often  few-ovuled.  Seedd 
(N>metinies  only  one  or  two  in  each  cell)  usually  supported  by 
hooked  processes  of  the  placenta,  destitute  of  albumen.  The  claasi- 
cal  Acanthus  is  the  type  of  this  large  aitd  chiefly  tropical  order:  its 
gracefully  lobed  and  sinuated  leaves  fumished  the  ornament  of  the 
Corinthian  capital  They  are  emollient  plants,  or  eome  of  them 
bitter  or  slightly  acrid :  of  little  economical  use.  SeTcral  are  culti- 
vated  for  ornament. 

S73.  Ord.  ScrophlllariBCtai   {Figvxni  Family).      Herbs,  or  »>me> 
times  ehnibby  plants,  with  opposite,  Terticillale,  or  alternate  leaves. 


Corolla  bilabiate,  or  more  or  less  irregular ;  the  lobes  imbricAted  i 
Ks^Tation.  Stamens  four  and  didynamous  (Fig.  407),  the  fifth  o 
upper  stamen  Boraetimes  appearing  in  the  form  of  a  sterile  filamen 


FtO.  VTB.    Ondol* 
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{Fig.  408),  or  very  rurely  antheriferoue,  or  often  only  two,  one 
piur  being  either  suppressed  or  reduced  to  sterile  filamente.  Ovary 
fi«e,  two-celled,  with  the  plac«ntat  united  in  the  ucis.  Capsule  two- 
Talved.  Seeds  indefinite,  or  sometimes  few,  albuminons.  Embryo 
smalL  —  Ex.  Scrophularia,  Verbascum  (Mullein,  which  is  remarkable 
for  the  almost  regular  corolla,  and  the  flve  often  nearly  perfect  sta' 
mens),  Linaria,  Antirrhinum  (Snapdragon),  Ac  —  The  plants  of  this 
large  and  important  order  are  generally  to  be  suspected  of  delete- 
rious (bitter,  acrid,  or  drastic)  properties.  The  most  important  me- 
dicinal plant  is  the  Foxglove  (Digitalis  purpurea),  so  remarkable  for 
its  power  of  lowering  the  pulse.  Numerous  species  are  cultivated 
for  ornament. 

874.  Ord.  TerfacniftC  (  Vervain  Family).  Herbs,  shnibs,  or  often 
trees  in  the  tropics,  mostly  with  opposite  leaves.  Corolla  bilabiate, 
or  the  four-  or  five-lobed  limb  more  or  less  irregular.  Stamens 
mostly  four  and  didynamous,  occasionally  only  twa     Ovary  free, 


entire,  two-  to  fouiveelled.  Fruit  drupaceous,  baccate,  or  dry,  and 
splitting  into  two  to  four  indehiacent  one-seeded  portions.  Seeds  witt 
little  or  no  albumen.  Embryo  straight,  inferior.  —  £x.  Verbena 
(Vervain)  is  the  principal  representative  in  cooler  regions.  There 
are  many  others  in  the  tropics ;  one  of  which  is  the  gigantic  Indian 
Teak  (Tectona  grandis),  remarkable  for  its  very  heavy  and  durable 

no.  ftTfiudSm.    nowdrcmvertxnxnilusid.    981.  Ttu  conlln  laid  open.    961.  PMU. 
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wood.     The  leaves  of  Lippia  citriddra  of  the  gardens  yield  an  agree- 
able perfume.     Otbera  are  bitter  and  aromatic. 

875.  Sobord.  I  nryueec  (founded  on  Fhryma,  of  a  single  epecies) 
is  separated  on  account  of  it«  simgite  pistil,  uniovulate  ovary,  spirally 
GOnv(Jute  cotyledons,  and  fluperior  radicle. 

876.  Ord.  Ukilla  {Labiat*  or  Mint  Familg).  Herbs,  or  some- 
what  shrubby  plants,  with  quadrangular  Eteni!i,  aad  opposite  or 
sometimes  wborled  lesvee,  replete  with  rcceptAcles  of  Tolalale  oiL 
Flowers  in  axillary  cymuleB,  rarely  solitary.  Corolla  bilabiate  (Fig-. 
458).  Stamens  four,  didynamous,  or  only  two,  one  of  the  piuia 
being  abortive  or  wanting.  Oviry  free,  deeply  finir-lobed ;  the  cott- 
tral  style  proceeding  from  between  the  lobes.  Fruit  consisliBg  of 
four  (or  fewer)  little  nuts  or  achebia,  included  m  the  persistent 
calyx.     8eeda  with  little  or  no  albumen. — J&.  The  Sage,  Bose- 


mary.  Lavender,  Thyme,  Mint,  &c.  are  familiar  representatives  of 
this  universally  recognized  order.  Their  well-known  corral,  aro- 
malic,  and  Etomachic  qualities  depend  upon  a  volatile  oil,  contained 
in  glandular  receptacles  which  abound  in  the  leaves  and  other  her- 
baceous parts,  with  which  a  bitter  principle  is  variously  mixed. 

877.  "Ord.  Bom^iQatCC  {Borage  Family).  Herbs,  or  Boraetimes 
shnibby  plants,  with  round  stems,  and  alternate  rough  leaves  ;  the 

riG.  S8S.  FLown  or  Nepela  (Olechomik)  IwdeiKH,  «  QnHud  Itj.  989.  ApproitaKl* 
•ntbu*  ot  am  puk  of  itameiu,  nugnUoi].  990.  noirer  or  ft  Lamhim.  991.  CoroUn  tX  U 
■«)plail>«il«(D»dKett]e),l>idap(n,ilu»itiigtbBdid7iiunDiuiCHueiu,ftc  VO.  fMjiwnA 
roTOlliof  S«ileUuli>g>l«lcn1i>ta«BknU4*p).  998.  SbcUod of  Uw anluged  cml^i of  tbs niss, 
brlngtof  to  itaw  the  deeplT  (Our-lobed  onzj.  994.  CnMHScUoii  of  a  mignlBeil  achHiluiB. 
99&.  VertkalaaellOBOf  tbs  ume,  ibovlDgUMnBbiTO-  996.  Ftomr  of  TgocilaD  Cuudnm 
99'.  MagulAed  istber  of  Iha  nm>.  998  SIumd  of  Um  Ikrw-  VM.  Fknnr  of  Hanudb' 
1000.  UufDlSodutheTOfUiinme.  lOOl,  Flnm  of  ft  Bitrlk ;  th*  oaljri  •>  mU  ••  tbs  conUt 
bUibliM.  1002  HagnLflsd  Mune.B  at  Vae  auu.  wttlt  wfaklT.  lepBnUod  ■aUm'cdla,  m  M 
wblch  (a)  la  poUlDlferous,  th«  otber  {b)  lmp«rEecl. 
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flowers  often  in  one-sided  scorpioid  clusters  (407).  Calyx  of  five 
leafy  and  persistent  sepals,  more  or  leM  united  at  the  base,  regular. 
Corolla  regular ;  the  limb  five-lobed,  often  with  a  row  of  scales  in 
the  throat.  Siamem  as  many  as  its  lobes  and  alternate  with  them. 
Ovary  deeply  four-lobed,  the  style  proceeding  from  the  base  <rf  the 
lobes,  which  in  ftnit  become  little  nuts  or  hard  achenia.  Seeds  with 
little  or  no  albumen. — Mi.  Borage,  Lithospermum,  Myosotis,  Cyno- 
glossum  (Hound's-Tongue),  Heliotropium,  &c.  In  Ecliium,  the  limb 
of  the  corolla  is  somewhat  irregular,  and  the  stamens  unequaL  In- 
nocent mucilaginous  plants  with  a  slight  astringency  :  hence  demul- 
cent and  peclond ;  as  Hk  roots  of  the  Comfrey.     The  roots  of  An- 


cliusa  tinctoria  (Alkanet)  and  Lithospermum  canescens,  Sec  (used 
by  the  aborigines  under  the  name  of  Fuccoon]  yield  a  red  dye. 

878.  8Dbord.  t  GordiatCte  consisw  of  tropical  woody  plants,  with 
the  ovary  entire  (not  ibur-lobed),  but  in  fruit  drupaceous  or  dry  and 
indehiacent,  fonr^eeeded.  The  cotyledons  of  Cordia  are  plaited  lon- 
gitudinally (and  are  olten  edible),  and  the  style  is  twice  foriced. 

879.  Ord.  HydrophyilaceEE  ( Water-leaf  Family).  Herbs,  usually 
with  alternate  and  lobed  or  pinnatifid  leaves  ;  tie  flowers  mostly 
in  cymose  clusters  at  unilateral  racemes.     Calyx  five-cleft,  with  the 


tbA  caljx  In  f^lt ;  t 
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rinuics  often  appendaged,  persistent.  Corolla  regular,  imbricated  or 
cofiTolute  in  eestivation,  usuallj  furnished  with  scales  or  honey-bear- 
ing  grooves  inside ;  the  five  stamens  inserted  into  its  base,  alternate 
with  the  lobes.  Ovaiy  free,  with  two  parietal  placentie,  which  in 
Ilydrophyllum  dilate  in  the  cell  and  appear  lik?.  a  kind  of  inner  peri- 


carp in  the  capsular  fruit  Styles  partly  united.  Seeds  few,  or 
Eometimes  numerous,  amphitropous,  cruslaceous.  Embryo  small, 
in  hard  albumen.  —  Ux.  Hydrophyllum,  Nemophila,  and  Phacelia ; 
nearly  all  North  American  plants,  some  of  them  handsome  and  now 
well  known  in  cultivation.  To  this  order,  as  a  tribe,  is  now  joined 
the  Htdrolej:  (formerly  the  order  HydroUaeeee),  having  often 
entire  leaves,  two  distinct  styles,  a  commonly  two-celled  ovary  hy 
the  union  of  the  two  placents  in  the  axis,  and  numerous  seeds 
with  a  fleshy  albumen.  These  are  chiefly  tropical  or  subtropical 
herbs,  or  low  shrubs. 

FIQ.  1010.  Hrdnph^Ilam  VlrglEiIgiuB.  101L  A  flanr,  Dsirlf  of  tb*  tiitanl  idia  lOlZ 
Comlli  Uld  opm.  lOlS,  Ctpaole,  with  11m  psnislant  caljx  and  M}\a.  1014.  MignlScJ  noi 
lOlE.  SsoClon  of  ths  suns.    1016.  ICgUr  migniflal  smbr^a. 
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880.  Ori.  FoIemoniaCtS  (Poleimmum  Family).     Herbs,  with  alter* 
nate  or  opposite  leaves,  and  panicled,  corymbose,  or  clustered  flow- 


era.     Calyx  five-cleft.     Corolla  regular,  with  a  five-lobed  limb,  con- 
volute in  aestivation.     Stamens  five,  inserted  on  the  corolla  alternate 


with  its  lobes,  often  unequal.     Ovary  free,  three-celled,  with  a  thick 


1013.  ContUi  of  tba  ■ 
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als  or  PoltmoDlnm.    1022.  Cram.» 

lb*  UOH.    10Z4.  Mw>Ued  flmbrro. 

102G.  1037,  CBpsuLe  of  Leptodoct/lo 
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ftxi«,  bearing  few  or  nnmerDus  ovules;  stales  united  into  one  :  stig* 
maa  three.  Capsule  three-ralved,  loculicidal ;  the  valves  also  usu- 
ally breaking  away  from  a  thick  central  column  which  bears  the 
seedg.  Embryo  Btraight,  in  fleshy  or  horay  albumen.  —  Ex.  Fole- 
m<Muum  (Greek  Valerian),  Phlox,  Gilia.  Chiefly  North  Amer- 
ican ;  many  are  very  common  ornamental  plants  in  cultivation.  To 
this  order  Diapen^a  and  Pyxtdanthera  (formerly  the  order  IHa~ 
pauiace^e)  are  now  appended,  with  some  doubt.  They  are  two 
low,  tufted  or  prostrate,  sufihiticose  plants,  with  crowded  and  ever- 
green, heath-like  leaves,  and  solitary  flowera  ;  their  principal  peculi- 
arity is  found  in  the  transversely  dehiscent  anthers. 

861.  Dfll,  CullTOlFnIattC  ( Cbnvolvuha  Family).  Twining  or  trail- 
ing herbs  or  shrubs,  with  more  or  less  milky  juice ;  the  leaves  alter- 
nate, and  the  flowers  regular.  Calyx  of  five  imbricated  sepals,  per- 
sistent Corolla  flupervolute  in  estivation ;  the  limb  oAen  entire 
(Fig.  452).  Siamens  five,  insert«d  on  the  tube  of  the  corolla  near 
the  base.  Ovary  free,  two-  to  four-celled,  with  one  or  two  erect 
ovules  in  each  cell.  Capsule  two-  to  four-  (or  by  obliteration  one-) 
celled  i  the  valves  often  falling  away  from  the  persistent  dissepi- 
ments (septifragal.  Fig.  587).  Seeds  large,  with  a  Uttle  mucilagi- 
nous albumen ;  embryo  curved,  and  the  foliaceous  cotyledons  usually 


crumpled  (Fig.  122, 123). — Ex.  Moming-Glory,  Bmdweed.    They 
contain  a  peculiar  strongly  purgative  resinous  matter,  which  is 


inrpara.  103S.  Tbe  pistil.  103T.  SecCloa  of  tlui  «paal«,  ud  of  tha 
i)S8.  Capnle  (reduced  in  ilu),  vhea  Vat  nlT»  hire  lUlai  imj  rnm 
wDTthflMedt,  1039.  MifnlBed  crou-tecdoaorBSHd.  VHO.  Em- 
ra-lobed  coIjImIoiu  eprud  odL    IHl.  Sun*,  vIUi  tha  Imi  cctjrladooi 
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chiefly  found  in  their  thickened  or  tuberous  roots.  Convolyulus 
Jaiapa,  and  other  Mexican  species,  furnish  the  Jalap  of  the  shops. 
The  more  drastic  Scammony  is  derired  from  the  roots  of  C.  Scam- 
monia  of  the  Levant.  There  is  much  less  of  this  in  those  ij^  Con- 
Tolvulus  panduratus  (Man-of-the-£arth,  Wild  Potato-vine):  while 
those  of  C.  macrorhizus  (^  the  Southern  States,  which  sometimes 
weigh  ioriy  or  fifty  pounds,  are  farinaceous,  with  so  slight  an  ad- 
mixture of  this  matter  as  to  be  quite  inert ;  as  is  also  the  case  with 
the  Batatas,  or  Sweet  Potato,  an  important  article  of  food.  —  To  this 
family  are  appended,  as. tribes  or  suborders, 

882.  Sabord.  Diehondreif*  Ovaries  two  to  four,  either  entirely 
distinct  or  with  their  basilar  stjrles  more  or  less  united  in  pairs. 
Creeping  plants,  with  axillary,  scape-iike,  one-fiowered  peduncles.  — 
Mx,  Dichondra. 

883.  Saboid.  CnsentineBt  Ovary  two-celled ;  the  capsule  opening 
by  circumcissile  dehiscence,  or  bursting  irregularly.  Emblyo  fili- 
form, and  spiraUy  coiled  in  fleshy  albumen,  destitute  of  cotyledons  I 
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Parasitic,  leafless,  twining  herbs,  destitute  of  green  color.     Stamens 
usually  furnished  with  fringed  scales  within.  — >Ex.  Cuscuta  (Dodder). 


FIG.  1042.  A  piece  of  Ciucuts  QronoTil,  the  common  Dodder  of  the  Northern  United  Statea, 
of  the  natural  size.  1048b  A  flower,  enlarged.  1044.  The  same,  laid  open.  1046.  Section  of 
the  OTary.  1046.  Section  of  the  capsule  and  seeds.  1047.  The  spbal  embryo  detached.  1048. 
The  same  in  germination. 
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884.  Ord.  SoluiecR  {NighUhade  Family)  differs  from  Scroptm- 
lariacese  chiefly  in  the  regular  (rarely  eomewh&t  irregular)  flowery 
with  as  tnany  fertile  Btameos  as  there  are  lobe^  to  the  corolla  (four 
or  five),  and  some  form  of  the  plaited  or  ralvate  ffistivation  of  the 
corolla.  Fruit  either  capsular  or  baccate.  Embryo  slender,  mostly 
curved,  in  fleshy  albumen  (Fig.  GI4,  615).  —  The  fruit  of  Datura 
is  epurionsly  four-celled.  —  Stimulant  narcotic  properties  pervade  the 
order,  the  herbage  and  iruita  of  which  are  moatly  deleterious,  often 
violeutly  poiionous,  and  fiimish  Bome  of  the  most  active  mcdi- 
dnes ;  such  as  the  Tobacco,  the  Henbane  (Hyoscyamus  niger),  the 


Belladonna  (Atropa  Belladonna),  the  Thorn-apple  or  Jamestown 
Weed  (Datura  Stramonium),  and  the  Bittersweet  (Solanum  Dulca- 
mara). Yet  the  berries  of  some  Solanums  are  eatable  (as  Toma- 
toes, the  E^-Plant,  &c.),  and  the  starchy  lubei-s  of  the  Potato 
ai-e  a  great  Btaple  of  food.  But  the  fruit  and  seeds  of  Capsicum 
{Cayenne pepper)  are  most  pungent  and  stimulant 

885.  Ord.  Gtnlianaceee  {Gentian  Family).  Herbs,  with  a  watery 
juice ;  the  leaves  opposite  and  entire.  Flowers  regular,  often  showy. 
Calyx  of  usually  four  or  five  persistent,  more  or  less  united  eepals. 
Corolla  mostly  convolute  in  ffistivation  ;  the  stamens  inserted  on  ita 
tube.     Ovary  one-celled,  with  two  parietal  and  many-ovuled  pla- 


no.  low.     F1o«rofTob»™(NlMtl«.. 

P>i,  with  (l»  penl-UDt  ™l7i.    1061.  C™ 

a-wcOon  of  tha  nine.    1062.  Hi«Dl9al 

l.^J■^nl«  nlg«.    1064.  Fruit  (pyili)  of 
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centte,  fometimea  tlie  ovule*  dispersed  over  tlw  whole  cavity  of  the 
ovary,  or  nearly  so.  Capsule  many-^ee<led.  Seeds  often  very  smAlI, 
with  fleshy  albumen  and  a  mintile  eriibrj'o.  —  Et.  Gentiana,  Frasera 
(the  Amcrii'nu  Columbo).  A  pure  bitier  and  tonic  principle  {Gen- 
tianine)  peivades  the  whole  order.  Gcniimia  lutea  of  Middle 
I'jurope  furnishes  the  officinal  Gentian,  for  which  almost  any  of  our 
species  may  be  stilntituted.  The  above  applies  to  the  proper  Gen- 
tian Fanuly,     Obolaria  differs  in  the  imbricative  testivation  of  the 


corolla  :  as  to  the  ovules  lining  the  whole  cavity  of  the  ovary,  this 

is  tAiO  the  ease  in  Barlonia  (Centaurella,  Michx.),  and  in  some  Gen- 
tians.  —  The  Buckbeaa  is  the  type  of  the  tribe  Wkntanthide^, 
which  has  alternate,  sometimes  trifoliolate  or  toothed  leaves,  and  a 
valvate-induplicale  iestivation  of  the  corolla, 

886.  Ord.  ApOCyDaeca  (Dogbane  Family).  Trees,  shrubs,  or  herbs, 
with  milky  juice,  and  opposite  entire  leaves,  without  slipules. 
Flowers  regular.  Corolla  five-lobed,  mostly  convolute  or  twisted 
in  (estivation.  Filaments  distinct ;  the  anthers  rametimes  slightly 
connected :  pollen  jiowdery.  Ovaries  two,  distinct,  or  rarely  syn- 
oarpous,  but  their  styles  or  stigmas  combined  into  one.  Fruit  com- 
monly a  pair  of  two  follicles.  Seeds  often  with  a  coma.  Embryo 
large  and  straight,  in  albumen. — Ex.  Apocynura  (Dogbane),  Vines 

no.  lose.  FlowtrofOondim.i.guBHfDllji  1057.  Corollimod  10S8,  the alyi,  1^ Open. 
lO&H.  The  puUl.  11)60.  CT03S.HCtiaii  of  the  pistil,  ehoviDg  the  pilleUI  >tlechnient  of  th« 
ovnlec,  lOeL  Ripe  tapnile  vt  O.  npiiniirU,  raised  dd  •  etipe ;  the  pDnlilent  wiUieriirg 
t'<>ml]l^  fto  torn  mj.    1063.  A  magDiaedieed.  with  iu  large  sod  IdohUiU.    1063.  L«f  of 
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(Periwinkle),  Neriiim  (Oleaader),  and  a  great  number  of  tropical 
flhrube  and  treen.  In  nearly  all,  the  juice  is  drastic  or  pois<HK>uB ; 
it  ofl«n  yields  Caoutehouc  ;  which  in  Sumatra  is  obtained  from  Ui^ 
ceola  elastica,  and  in  Madagascar  from  Vabea.  Strangely  enough 
some  species  yield  a  sweet  and  harmless  milk,  such  as  Tabemi&- 
montana  utilis,  one  of  the  South  American  Cow-trees.  Also  the 
fruit  of  several  species  is  edible  and  even  delicious  ;  that  of  others 
is  a  deadly  pcuson.      One  kernel  of  Tan^iinia  venenilera  of  Mad- 


^IRScar  wilt  kill  twenty  people.     The  inner  bark  of  Dogbane  makes 
a  strong  cordage,  whence  its  name  of  Indian  Hemp. 

887.  Ord.  AulepildaUiB  {MUhpeed  Family).  Herbs  or  shrubs, 
with  milky  juice,  and  moi^tly  opposite  entire  leaves ;  nuuoly  differ- 
ing from  the  preceding  order  (as  they  do  from  all  other  Exogenous 
plants)  by  the  peculiar  connection  of  the  Etamens  with  the  stigma, 
and  the  cohesiwi  of  the  pollen  into  wax-like  or  granular  masses, 
which  are  attached  in  pairs  to  five  glands  of  the  stigma,  and  re- 
moved from  the  antheiMxlls  usually  by  the  agency  of  insects  (Fig. 
541-545).  Fruit  consisting  of  two  follicles.  Seeds  usually  with 
a  Mlky  coma  and  a  large  embryo.  —  Ex.  Asclepias  (Milkweed,  or 
Silkweed).  The  juiee  of  the  A.  tuberoea  (Pleurisy-root,  Butterfly- 
weed)  is  not  milky.  In  all,  it  is  bitter  and  acrid,  and  ctmtains 
OaotOchoue.  The  roota,  &c.  are  diaphoretic,  emetic,  or  cathartic. 
The  inner  bark  yields  abundance  of  very  long  and  flne,  extremely 

VtO.  iae4.  Ap«7niim  udnanUliliam.  1066.  FUnnr,  at  Ui*  mtattl  Us.  IMS  Bte- 
tnaoM  wllh  Ihc  utheci  Humlnnt  •nODd  (lis  plitUi.  lOST.  Ttaa  platUi  vlUi  tiMir  bija  sao- 
Bioa  lUgiiiL    loeS,  B«d  with  lU  aoou,  or  tuft  ofiUkj  biirt. 
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Bf  rang  fibres.     The  singular  etiuctare  of  the  blossom  may  be  leuned 
from  Fig.  541  -  545,  and  the  subjoined  illustrattonfl. 


888.  Ord.  lasmtnaten  {Jeaamine  Family)  consists  of  a  few  chiefly 
Asiatic  shrubs,  with  compound  leaves  and  fragrant  Jlowei'S ;  differ. 
ing  from  Oleaceee  hj  the  imbricated  or  twisted  lestivation  of  the 
hypocrateriform  corolla,  the  erect  seeds,  &c.  —  Ex.  Jasminum,  the 
Jessamine.  Cultivated  for  ornament,  and  for  their  very  fragrant 
blossomii. — Menodora,  or  Bolivaria,  has  mostly  simple  leaves  and 
fi>ur  ovules  in  each  cell,  but  evidently  pertains  to  this  oi-der. 

889.  Ord.  Oleaeea  (Olive  Family).  Trees  or  shrubs,  with  oppo, 
«te  leaves,  either  simple  or  pinnate.     Calyx  persistent.     Corolla 

FIB.  1069.  FlonT'bud  of  tba  eonunOD  UUkwnll  (AHls|du  CornaU).  lOTO  Eipuded 
flinisT;  Uxalj'iuidoDrDlLAnfldeil;  ihoirlng  the  itamlDail  enwa.  107S.  One  of  thehood- 
«d  (ppendaga  or  tha  hilar  rsnored  sod  Heo  iMawkn,  with  ita  luelodnl  piwwu  «  ham. 
lOiS.  A  mticalaecUaDOfB  flower  (tht  hooded  ippsodagei  removed)  (hrmgfa  the  lube  oT  Ma- 
meua,  Uw  thick  stigioK,  onrUe,  &c.  Wit  Flower  with  tbe  aiyi  vid  the  ferCiUnd  calugiDg 
onirle«,  onwDHl  with  the  large  •Ilgnu  comoiDo  to  the  two,  fmcd  the  eneles  of  the  peltate  lum- 

eandiele  from  a  (land.  1075  Fruit  (rolhcle)  of  the  CommoD  Uilkweed.  1076.  Croea-eectioD 
of  the  lul.  io  an  earlr  Mats.  107T.  Detached  placenta  Id  fruit,  coTered  with  Beeda  lOIS. 
SHd  (cut  acniie),  with  ila  cflma  1079  Section  of  the  wed,  pajillel  with  tl 
lOSO.  Vertlc^  isctiou  sf  tlw  wad  perpendlculat  to  the  b«  of  the  cot/ladona. 


460  ILLUSTRATIONS   OF   THE  NATURAL    ORDERS. 

four-cleA^  or  of  four  separate  petals,  valvate  in  aestivation,  sometimes 
none.  Stamens  mostly  two,  adnate  to  the  base  of  the  coi-olla. 
Ovary  free,  two-celled,  with  two  pendulous  ovules  in  each  cell. 
Fruit  by  suppression  usually  one-celled  and  one-  or  two-seeded. 
Seed  albuminous.  Embryo  straight.  —  Ex.  Olea  (the  Olive),  and 
Chionanthus  (Fringe-tree),  where  the  fruit  is  a  drupe.  Syringa,  the 
Lilac,  which  has  a  capsular  fruit.  Fi'axinus,  the  Ash ;  where  the 
fruit  is  a  samara,  the  flowers  are  polygamous,  and  mostly  destitute 
of  petals.  Olive  oil  is  expressed  from  the  esculent  drupes  of  Olea 
Kuropa3a.  The  bark,  like  that  of  the  Ash,  is  bitter,  astringent,  and 
febrifugal.  Manna  exudes  from  the  trunk  of  Fraxinus  Omus  of 
Southern  Europe,  &c.  —  Forestiera  appears  to  represent  another 
entirely  apetalous  form  of  this  family. 


Division  IIL — Apetalous  Exogenous  Plants. 

Corolla  none ;  the  floral  envelopes  consisting  of  a  single  series 
(calyx),  or  sometimes  entirely  wanting.  —  Many  of  them  are  apeta- 
lous allies  of  polypetalous  families ;  as  PhytolaccaceaB,  &c  related  to 
Caryophyllaceai ;  Empetraceas  to  Ericaceae,  &c. 

Conspectus  of  the  Orders. 

Group  I.  Flowers  perfect,  with  a  conspicuous  or  colored  mostly  adnate  calyx. 
Ovary  several-celled  and  many-ovuled.  Capsule  or  berry  many-seeded.  — 
Herbs  or  climbing  shrubs.  ARiSTOLOCHiACEiG. 

Group  2.  Flowers  perfect,  or  rarely  polygamous.  Calyx  corolline,  strongly 
gamosepalous,  much  produced  beyond  the  ovary,  the  expanded  border  entire 
or  moderately  lobed ;  the  base  persistent,  and  forming  an  indurated  nut- 
like closed  covering  to  the  one-seeded  achenium  or  utricle.  Embryo  laige, 
curved  or  conduplicate,  involving  some  albumen.  —  Leaves  opposite :  nodes 
tumid.   Flowers  often  large  and  showy.  Nyctaq  inacejs. 

Group  3.  Flowers  perfect,  or  rarely  polygamous,  with  a  regular  and  often 
petaloid  calyx.  Ovary  free.  Ovules  solitary  in  each  ovary  or  cell.  Em- 
bryo curved  or  coiled  around  (or  sometimes  in)  mealy  albumen,  rarely  in  the 
axis  or  exalbuminous. 

Ovary  several-celled,  or  ovaries  several  in  a  whorL  Phytolacca cejc 

Ovary  solitary  and  one-celled,  with  a  single  ovule. 

Stipules  none.    Ovule  campylotropous  or  amphitropoos. 


EXOGENOUS   OR   DICOTYLEDONOUS   PLANTS.  461 

Calyx  corolline,  doable.    Stamens  perigynous*  Basbllacsjb- 

Calyx  not  corolline  :  no  scarious  bracts.  Chenopodiace^. 

Calyx  and  bracts  scarious,  sometimes  colored.  AMARANTACEiB< 

Stipules  sheathing.     Calyx  corolline.    Ovule  orthotropous.    PolygonacejB' 

Group  4.  Flowers  perfect,  polygamous  or  dioecious,  not  disposed  in  ament^tj 
with  a  regular  and  often  petaloid  calyx.  Style  or  stigma  one.  Ovar]^ 
one-celled,  with  one  or  few  ovules  :  but  the  fruit  one-celled  and  one-seeded. 
Embryo  not  coiled  around  albumen.  —  Trees  or  shrubs,  rarely  herbs. 

Calyx  free  from  the  ovary,  and  not  enveloping  the  fruit 

Flowers  polygamo-dioecious.    Anthers  opening  by  valves.  Laurace^. 

Flowers  perfect    Anthers  opening  longitudinally.  Thymelace^k. 

Calyx  free,  but  baccate  in  fruit  and  enclosing  the  achenium.  "Elkaqtxacrj^ 
Calyx  adnate  to  the  ovary.    Ovule  destitute  of  coats. 

Ovules  several,  pendulous  from  a  stipe-like  placenta.  Santalacea. 

Ovule  solitary,  suspended.    Parasitic  shrubs.  Loranthacea. 

Group  5.  Flowers  perfect,  in  spikes  which  often  appear  like  aments,  achlamyde- 
ous.  Ovaries  solitary  or  several,  with  one  or  few  erect  or  ascending 
orthotropous  ovules.  Embryo  minute,  enclosed  in  a  persistent  embryo-sac 
at  the  apex  of  the  albumen.  —  Herbs  or  shrubby  plants,  with  tumid  nodes. 

Ovary  one,  one-ovuled.     Stipule  opposite  the  leaf  or  none.  Fiperacejb. 

Ovaries  more  than  one.     Stipules,  when  present,  in  pairs.  SAURURACSiE. 

Group  6.  Flowers  perfect  or  diclinous,  frequently  destitute  of  both  calyx  and 
corolla.  —  Submersed  or  floating  aquatic  herbs. 

Flowers  monoecious.    Fruit  one-celled,  one-seeded.  Ceratophtllaceje. 

Flowers  mostly  perfect    Fruit  four-celled,  four-seeded.  Callitrichacejg. 

Flowers  mostly  perfect    Pod  several-celled,  several-seeded.      Podostemace^. 

Group  7.  Flowers  monoecious  or  dioecious,  not  amentaceous.  Fruit  capsular 
or  drupaceous,  with  two  or  more  cells,  and  one  (or  rarely  two)  seeds  in 
each  cell.  Embryo  straight  in  the  axis  of  the  albumen.  —  Herbs,  shrubs, 
or  trees. 

Fruit  mostly  dry.    Juice  milky.    Pollen  simple.  Euphorbiaceje. 

Fruit  dmpaceous.    Pollen  compound  ;  the  grains  in  fours.  EMPETRACEiB. 

Group  8.  Flowers  monoecious,  dioecious,  or  polygamous,  with  a  regular  calyx 
which  is  free  from  the  one-celled  (or  rarely  two-celled)  ovary  and  one- 
seeded  fruit  (achenium,  drupe,  or  samara),  but  sometimes  enclosing  it. 
lEknbryo  curved,  or  straight,  with  the  radicle  superior,  in  albumen  when 
there  is  any.  —  Inflorescence  various,  often  in  spikes,  heads,  or  a  sort  of 
aments.  Urticace^. 

Group  9.  Flowers  monoecious  or  dioecious,  the  sterile,  and  frequently  the  fertile 
also,  in  aments,  or  in  heads  or  spikes.  Calyx  of  the  fertile  flowers,  if  any, 
adherent  Ovary  often  two-  to  several-celled,  but  the  fruit  always  one- 
celled.  —  Trees  or  shrubs. 

30* 
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StipalM  ibcuhing.    TTDtlets  cinb-ihaped,  in  globuUr  heads. 
Stipnlei  not  ahealhiTig  or  none 
Sterile  flowen  only  tunenuceoni. 
Fruit  B  kind  of  drnpoceoaB  oat.    Le«Tei  |Hiiiuue. 
Fruit  s  drj  nut.  involui^rale.    Le&vei  aimple. 
Bolb  kinda  of  flowera  amenloceoiu. 
Fmit  a  samara  or  a  small  dry  drupe- 
Ovary  on(v«et1ed  :  ovule  solitary,  erect 
Ovary  two-celled,  two-ovaled  :  ovule  pcndaloos. 
Fruit  a  many-seeded  follicle :  seeds  irith  a  coma. 


Platakaces. 


Mtricacba. 
Bbtdlacex. 
Balicacu. 


890.  Ori.  JrillolocltiaMB  (Birthwort  Famify).  Herbaceous  or 
climbing  shrubby  plants,  with  altei-nate  leaver.  Flowers  biviwa 
or  greenish,  usually  solitary.  Calyx-tube  more  or  less  united  with 
the  ovary ;  the  limb  valvate.  Stamens  six  to  twelve,  epigynous,  or 
adherent  to  the  base  of  the  ehort  and  thick  style  ;  anthers  adnate, 


extrorae.  OvaryS— 6-celled.  Capsule  or  berry  three- to  Bix-celled, 
many-seeded.  Embryo  minute,  in  fleshy  albumen. — Ex.  Asanim 
(Wild  Ginger,  Canada  Snakeroot),  Aristolochia  (Vii^nia  Snake- 
root).  Pungent,  aromatic,  or  stimulant  tonics ;  generally  termed 
Snakeroots,  being  reputed  antidotes  for  the  bites  of  venomous  snakes. 


enlirgsd.    ICe^  Tntlol  w 
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691.  iriu  BBrflesinetn :  parasitic  flowers,  or  flower-clusterR  (152),  of 
which  tlie  mo.it  Rlriking  is  the  gigantic  RafHcsia  Amoldi  of  Sumatra 
(Pig.  150),  perhflpa  as  much  rehiled  to  the  last  order  as  to  any. 

8D2.  Ord.  Nyttajinaeez  {Four-o'doci  Family).  Herbs  or  shrubs, 
with  opposite  leaves ;  distinguished  by  their  tubuhir  and  funnel'form 
calyx,  the  upper  part  of  which  resembles  a  corolla,  and  at  length 
separates  from  the  base,  which  latter  hardens  and  encloses  the  one- 
celled  achenium-like  fruit,  appearing  hke  a  part  of  it.  Stamens  tiy- 
pogynous,  1-20.  Embryo  coiled  around  mealy  albnmea  (Fig.  G16, 
C17)  ;  cotyledons  lai^.  Flowers  involucrate.  Mirnbilis  (Four- 
o'clock)  has  a  one-flowered  involucre  exactly  like  a  calyx,  while  the 
real  calyx  resembles  the  corolla  of  a  Moming-Glory.  Abronia  has 
only  one  cotyledon  to  its  embryo! — Plants  of  warm  latitudes;  many 
occur  on  our  Southwestern  frontiers. 


893.  Ord.  PhftoIattBCtS  {Poke-vieed  Family).     Chiefly  represented 

no    lOK,  108T.    PliTtolMM*  dMuidn  (FoknHd).    1088.  A  flowgr.    1089.  nnripa  fnilt 
lam.  CR«4Ktkin  or  tin  nnw,  m  lltUt  BDlarged.    1091.  Haculflid  ntd.    1091.  Bictkiii  of  the 

Dwu  iDto  *  riDg    lOM.  U<v°<B«l  deUfhed  embrjro. 
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hf  the  common  Poke  (Phytolacca  decandra),  wliich  has  a  compound 
ovary  often  confluent  (one-seeded)  eari«Ls,  the  short  styles  or  stig- 
mas distinct;  the  frnit  a  berry.  Tlie  root  is  acrid  and  emetic:  yet 
the  young  shoots  in  the  spring  are  uaed  ok  a  substitute  for  Aspai'a- 
gu8.     The  berries  yield  a  copious  dcep-crim^on  juice. 

894.  Ord.  Blttllices  ;  a  small  subiropicjil  group  of  climbing  suc- 
culent plants,  alli('<l  to  the  last  and  tlie  next  two  orders,  from  which 
it  differs  by  Ihe  decidedly  perigj'nous  stamens  and  double  pelaloid 
calyx.  The  oiary  is  single  and  one-ovuled.  —  -Ec.  Basella,  Bous- 
singauliia  of  South  America ;  the  latter  cultivated  for  ornament  (from 
potato-like  tubers)  under  the  name  of  Madeira  Vine.     Some  are  pot- 

895.  Ord.  ChrnopodiaCHB  (GoosefuoC  Family).  Chiefly  weedy 
herbs,  with  alternate  or  opposite  and  more  or  less  succulent  leaves, 


and  small  herbaceous  flowers.  Gdyx  sometimes  tubular  at  the 
base^  persistent ;  the  stamens  as  many  as  its  lobes,  or  fewer,  and  in- 
serted at  their  base.  Ovary  free,  one-celled,  with  a  single  ovule 
arising  from  its  base.  Fruit  a  utricle  (Fig.  574)  or  achenium. 
Embi^o  curved  or  coiled  around  the  outside  of  mealy  albumen,  or 
spiral  without  any  albumen  (in  Salsola,  &c.).  —  £x.  Chenopodium, 
-  Atriplex,  Beta  (the  Beet),  &c.     Sea-side  plants,  or  common  ueeds  : 

FIO.  loss.  Fan  of  the  ipltie  of  Saa«imi>  hcrbuei :  the  flowen  pluced  Ihiee  together  In 
ncaTitioM  of  the  aten,  protected  b/jiflMb7»™l8-  1096.  S*pM»te  flower.  ICKJT.  Aflom.r 
of  Blitum,  tMt,  its  f!e9hy  calyx  Md  tlnglv  eCuiien.  1098.  Suae,  man  enltrgiid,  ollh  the  thick- 
(iiedJalc;ciil;i(ia99)lccnoTed.     1100.  The  ripe  fruit,    1101.  Same,  dlilded  TerUcallT,  ehow. 

(eoDnnoD  Ooowfwt),  1!03  Section  cf  the  sune,  mon  eDlnTged,  IIM.  SoctUHi  of  the  ntrieh 
ud  Red.  thosliie  the  embrjo  1106.  CbI>i  of  SiJeoIti  kali  ISaUvort),  In  (tulC,  iiith  lt<  «ln(- 
Uke  banter.    1106.  Section  of  the  lame.  hiiDgliiE  lb*  owxj  IdK>  Tlev.    HOT.  The  ipinUf 
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some  nre  pot-herb-i,  Bach  as  Spinach  :  a  few  are  cultivated  for  iheir 
esculent  nwta ;  as  tlie  Beet,  wliich  yields  sugar.  Soda  ia  exlract- 
ed  from  the  mai'itime  species,  especially  from  those  of  Sal^ola  and 
Salicomia  (Samphire,  Glass-wort).  Chenojiodiiim  anthelminllcum 
yields  the  well-known   Worm-seed  oil, 

896.  Onl>  AmnrnntaKB  (Amaranth  Family),  Flowera  in  heads, 
spikes,  or  dense  clusters,  imbncated  with  di-y  and  Ecarious  bracts 
which  are  often  colored.  Calyx  of  three  to  five  sepals,  which  are 
dry  and  scarious  like  the  bracts.  Stamena  five  or  fewer,  hypogy- 
nous,  distinct  or  monadelpiious :  anthers  fi-equently  one-celled.  Utri- 
cle often  opening  as  a  pyxia  (Fig,  575).  Embiyo  annular,  always 
vertical.  Otherwise  nearly  as  in  Chenopodiacene.  —  Amarantus, 
&c.  A  few  Amaranths  (Coxcomb,  &c.)  and  Globe  Amai-anlhs 
(Gomphrena)  are  cultivated  for  ornament.  But  most  of  the  family 
are  coarse  and  homely  weeds  (Pigweeds,  &x.). 


897.  Ord,  Polygonaecie   {Buckwheat  Family).     Herbs  with  alter- 
nate leaves ;  remarkable  for  their  stipules  {ochrete,  Fig.  305),  which 


.    1110.  SwUon  or  U) 
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usaally  form  ^hetiths  around  the  stems  above  the  leaves,  and  for 
their  orthoiropous  ovules  (Fig-  518, 526).  Stamens  definite,  inserted 
on  the  petaloid  calyx.  Fruit  achenium-like.  £mbryo  curved,  or 
neiirly  Btraight,  applied  to  the  outride  (rarely  in  the  centre)  of 
starchy  albumen  (Fig.  606).  —  Ex.  Polygonum,  Rnmex  (Dodt, 
Sorrel),  Rheum  (Rhubarb).  The  stems  and  leaves  of  Rhubarb 
and  Sorrel  are  pleasantly  acid :  while  several  Polygonums  (Knol- 
weed,  Smarf-weed,  Water  Pepper,  &c)  are  amd  or  rube&cient. 
Tlie  farinaceous  seeds  of  P.  Fagopyrum  (the  Buckwheat)  are  used 
for  food.  The  roots  of  most  species  of  Rhubarb  are  purgative  :  hut 
it  is  not  yet  known  what  particular  species  of  Tartary  yields  the 
genuine  officinal  article.  The  Eriooone*  (a  lai^  tribe  of  the 
soulhem  and  western  parts  of  North  America,  chiefly  west  of  the 
Rocky  Mountains)  are  remarkable  for  their  exstipulate  leaves  and 
involucrate  flowers. 

898.  Ord.  Lanrucs  {Laurel  Family).  Trees  or  shrubs,  with^ 
pellucid-punctate  alternate  leaves,  their  mai^ns  entire.  Flowers 
sometimes  polygamo-dioecious.  Calyx  of  four  to  sut  somewhat 
united  petaloid  sepals,  which  are  imbricated  in  two  series,  free 
from  the  ovaiy.  Stamens  definite,  but  usually  more  numerous  than 
the  sepals,  inserted  on  the  base  of  the  calyx :  anthers  two-  to  fottr- 
ceUed,  opening  by  recurved  valves!  Fruit  a  berry  or  drupe,  the 
pedicel  oflen  thickened.     Seed  with  a  large  almond-like  embryo. 


destitute  of  albumen.  —  .Sc.  Lauras,  Sassafras,  Benzoin.     All  aro- 
matic plants,  almost  every  part  abounding  in  warm  and  stimulant 

FIG,  1111  A  itamluta,  ud  1118,  ■  pUmUt*  flowu  of  SuHfru.  1114.  A  ituum  vUb  lU 
gludi  Kt  Uh  bua :  tb*  antbHra  opening  bj  tvo  hU  oT  nln*.  1I1&.  PiMil ;  Uw  owtxj  dJTld- 
eil     Ills  Biucli  in  Ituit.    HIT.  SseUfo  of  Iba  dnpa  uS  aHil. 
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Tolatile  ml,  to  which  their  qaalities  are  due.  Camphor  is  obtained 
from  Camphors  officinanim  of  Japan,  China,  &«.  CirmanuM  is  the 
hark  of  Cinnamomum  Zeylanicum ;  Caitia  hari,  of  Cinnamomnm 
aromaticum  of  China.  The  aromatic  bark  and  wood  and  the  very 
mucilaginooa  leaves  of  our  own  Sassafras  are  well  known.  Our 
Benzoin  odorifemm  is  the  Spice-wood,  or  Feverbusb.  Laurua 
nobilis  is  the  true  Laurel,  or  Sweet  Bay.  Persea  gratlssima,  of  the 
West  Indies,  bears  tbe  edible  Avocado  pear. 

699.  Ord.  Thymelltfiea  (Meaereum  Family).  Shrubby  plants,  with 
perfect  flowers,  and  a  very  tough  bark ;  the  tube  of  the  petaloid 
calyx  being  free  from  the  (one-ovuled)  ovary ;  its  lobes  imbricated 
in  aestivation  ;  the  pendulous  seed  destitute  of  albumen.  Stamens 
often  twice  aa  many  aa  tbe  lobes  of  the  calyx,  inserted  upon  its  tube 


or  throat  —  Ex.  Daphne  and  Direa  (Leather-wood,  Moose-wood, 
Wickopy,  which  is  the  only  North  American  genua).  The  tough 
bail  is  acrid,  or  even  blistering,  and  is  also  useful  for  cordage.  The 
reticulated  fibres  of  the  liber  in  the  Lagetta  or  Lace-bark  of  Jamaica 
may  he  separated  into  a  kind  of  lace.  The  berries  are  more  or 
less  deleterious. 

900.  Ord.  ElMplBtte  {Okatter  Family).  Shmbs  or  small  trees, 
with  the  flowers  more  commonly  ditccious ;  readily  distinguished 
from  the  preceding  by  having  the  foliage  and  shoots  covered  with 
■curf,  by  the  ascending  albuminous  seed,  and  the  persistent  tube  of 

no.  ItlS.    Floinrioc  (modi  of  Miw  pdof^    UK).  A  Bawtc.    1120.  Ih*  bum,  WA 
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ihe  calyx,  which,  although  free  from  the  ovarj',  becomes  succulent, 
like  a  beny  in  fruit,  and  constricted  at  the  throat,  encloiiiig  the 
crustaceous  achenium.  —  Kx.  Eleagnus,  Shepherdia.  Plants  of  no 
economical  importance,  except  that  a  few  are  cultivated  for  their 
silrery  foliage.  The  fruit  is  sometimes  eaten,  as  is  that  of  the  Buf- 
falo-berry (Shepherdia  argenten)  and  Silver-berry  (Eleagnus  ar- 
gentea)  by  the  Northern  aborigines. 

901.  Ord.  Proleaeeir  (ProUa  Family).  A  rather  large  family  of 
shrubs  and  frees  of  Southern  temperate  and  subtropical  regions, 
chiefly  of  the  Cape  of  Good  Hope  and  Australia  (a  few  in  South 
America,  &c.),  with  rigid  coriaceous  leaves,  perfect  flowers,  either 
regular  or  irregular,  mostly  in  heads  or  spikes;  the  lobes  of  the 
calyx  valvate  in  seativation  ;  a  stamen  borne  on  each  of  its  four 
lobes  ;  the  pistil  simple  and  free,  forming  a  mostly  dehiscent  fruit ; 
seeds  with  a  large  and  straight  embryo,  and  no  albumen.  Many 
of  these  plants  are  prized  in  conservatories  for  their  beauty  or  sin- 
gularity :  the  seeds  of  ft  few  species  are  eaten. 

902.  Ord.  SBDlalaceie  {Sandal-wood  Family).  Trees,  shrubs,  or 
sometimes  herbs  (their  roots  inclined  to  form  parasitic  attach- 
ments) ;  with  alternate  entire  leaves,  and  small  (very  rarely  dioe- 


cious) flowers.  Calyx-tube  adherent  to  the  ovary ;  the  limb  four- 
or  five-cleft,  valvate  in  testivation  ;  its  base  lined  with  e  fleshy  disk, 
the  edge  of  which  is  ofren  lobed.      Stamens  a^  many  as  the  lobes  of 

FtO.  1132     BnnchafComiDdnDinbelUitii.    1123.  Bnlirged  flowH,  Md  open.    1134.  Tcr. 
tt  baira  niiicli  couuecu  its  lurOce  with  tba  uttier !    1126.  Tbe  halt,  isduiud  lu  tiu, 
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the  calyx,  and  opposite  them,  inserted  on  the  edge  of  the  disk. 
Ovules  several,  destitute  of  proper  integuments,  pendulous  from  the 
apex  of  a  stipe-like  basilar  placenta.  Style  one.  "  Fruit  indehiscent, 
crowned  with  the  limb  of  the  calyx.  Seed  albuminous.  Embryo 
small.  —  Ex,  Comandra,  Pyrularia,  &c.  The  fragrant  Sandal-wood 
is  obtained  from  several  Indian  and  Polynesian  species  of  Santalum.  * 
The  large  seeds  of  Pyrularia  oleifera  (Buffalo-tree,  Oil-nut),  of  the 
Alleghany  Mountains,  would  yield  a  copious  fixed  oil.  One  species 
of  Fusanus  in  Australia  is  esteemed  for  its  edible  seeds,  known  by 
the  name  of  Quandang-ntUs. 

903.  Ord.  loranthaeeffi  (Mistletoe  Family)  consists  of  shrubby 
plants,  with  articulated  branches,  and  opposite  coriaceous  and  mostly 
dull  greenish  entire  leaves ;  parasitic  on  trees.  The  floral  envelopes 
are  various.  In  Mistletoe  (which  is  dioecious)  the  anthers  are  ses- 
sile and  adnate  to  the  face  of  the  sepals,  one  to  each ;  while  Lo- 
ranthus  has  both  calyx  and  corolla,  the  latter  most  conspicuous,  and 
a  stamen  before  each  petal  and  adnate  to  it.  The  ovary  is  one- 
celled,  with  a  single  suspended  ovule,  consisting  of  a  nucleus  without 
integuments.  Fruit  a  one-seeded  berry.  Embryo  small,  in  fleshy 
albumen.  —  JiJx,  Loranthus ;  Viscum,  the  Mistletoe,  from  the  glu- 
tinous berries  of  which  birdlime  is  made ;  Phoradendi'on,  the  Ameri- 
can Mistletoe.     The  bark  is  astringent. 

904.  Ord.  PiperaeeS  (Pepper  Family),  A  peculiar  order  of  tropical 
herbaceous  or  shrubby  plants,  with  jointed  stems,  naked  (achlamyde- 
ous)  6ut  perfect  flowers  in  spikes  or  spicate  racemes,  a  one-celled  ovary 
with  an  erect  orthotropous  ovule ;  the  embryo  minute  in  a  vitellus 
or  persistent  embryo-sac  at  the  apex  of  the  albumen.  —  Pungent 
and  stimulant  properties  characterize  the  order.  Piper  nigrum  fur- 
nishes Black  pepper  J  and  White  pepper  is  the  same,  with  the  flesh  of 
the  drupe  removed.  The  fruit  of  Cubeba  officinalis,  &c.  furnishes 
Gubebs,  which  are  hot  aromatics,  acting  also  on  the  mucous  mem- 
branes. The  pungency  in  all  these  plants  is  owing  to  a  pecifliar 
volatile-  oil  and  resin.  They  also  yield  a  crystalline  matter,  called 
Piperine.  Others  have  more  intoxicating  properties,  as  Betel,  the 
leaves  of  a  Chavica,  chewed  by  the  Malays,  and  the  Ava  (Macrdpi- 
per  methysticum)  from  which  the  South-Sea  Islanders  make  their 
inebriating  drink. 

905.  Ord.  Sanrnraeea;  (Lizard's-tail  Family)  ;  differs  from  the  Pep- 
per Family  (of  which  it  is  an  offshoot)  in  the  feebly  pungent  quali- 
ties, the  distinct  stipules  (when  these  are  evident),  and  the  three  or 

40 
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more  ovaries,  separate  or  Mmiflwlmt  united,  with  one  or  m 
in  each. — £x.  Saururos,  HottuToia:  a  eniall  group.    ' 


906.  Ord.  CeratophyUlceB  (Somwort  Family)  conaistB  of  the  single 
genus  CeratophyUum  (growing  in  ponds  and  streams  in  many  parts 
of  the  world)  ;  djstinguislied  hy  the  whorled  and  dissected  leaves 
with  filiform  segments ;  the  ilowcrs  monoecious  and  eessile  in  the 
axil  of  the  le^es  ;  the  stamens  indefinite,  with  sessile  anthers ;  and 
the  simple  one-celled  ovaiy,  which  forms  a  beaked  achenium  in  fruit, 
containing  an  orthotropous  suspended  seed,  with  four  cotyledons ! 
andia  manifest  plumule. 

907.  Ord.  CaliitriehBCeai  {Water-Stanoort  J'amiVi/),  formed  of  the 
genus  Callitriche ;  aquatic  annuals,  with  opposite  entire  leaves  t  the 
axillaiy  flowers  (either  perfect  or  moniecious)  with  a  two-leaved 

HQ.  liar,  SuTDTU  conBDi.  113B.  AHpumtoflonr,  wltk  Ita  biHt  uda  p«t«f  (b* 
milg  lUpiIB*^  11^'  A  mem  mugnlSed  uther,  dlKhuglng  lU  poDsa  tnoi  ona  nil.  1190, 
CTO•■-•>l^UaI■  of  tba  rmif,  1131.  Tertlial  bcUoii  et  oiw  of  Uh  eupeli  In  IWilt,  uid  Bt  th* 
omUlnH]  iHd,  wltb  tlH  n«  »t  the  «xtEm1Cf  of  tlH  ftlbutDcu,  couUdtilnc  the  mlnata  vnbrra. 
1133.  A  teed.  IIBS.  Sunt,  wltb  tlie  ooMr  InUgnmeiiC  (teat*)  noumd,  ilwwlDg  ttu  TlMln*. 
113t.  Tht  luCcT,  hlgblT  macnlAtd.    IISG.  BecUon  at  tta*  hh,  (bowlnc  tbxuEkHd  Uul> 
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involucre,  but  entirely  destitute  of  calyx  and  ooroUa ;  stamen  one 
(or  rarely  two),  hypogynoua,  with  a  slender  filaraenl,  and  a  reui- 
form  conflnentlj  one-celled  anther ;  the  ovary  foui^lobed,  four-cell«d, 
indehiscent  in  fruit ;  the  seeds  albuminons. 


Orf.  FodosfmilCCS  (River-weed  Family)  comprises  a  few 
(chiefly  American  and  Asiatic)  aqnatics,  in  rivers,  with  the  aspect 
of  Mosses,  Hepatictc,  &c  ;  their  small  ilowers  arising  from  a  spathe  ; 
le  calyx  ol^  entirely  wanting ;  the  stamens  frequently  unilateral 
monadelphous ;  the  ovary  two-  or  three-ceUed,  with  distinct 
styles ;  in  fruit  forming  a  ribbed  capsule,  containing  numerous  ex- 
albiiminous  seeds  attached  to  a  central  column.  —  £!x.  Podostemon. 
W9.  Ord.  EaptorblaCeR  (Spurge  Family).  Herbs,  shrubs,  or 
trees,  often  with  a  milky  juice :  in  northern  temperate  climes  chiefly 
iresented  by  the  genus  Euphorbia ;  which  is  remarkable  for  hav- 
staminate  dowers,  reduced  to  a  single  stamen  (487), 
enclosed  in  an  involucre  along  with  one  pistillate  flower,  thb  reduced 
to  a  compound  pistil,  and  also  achlamydeous,  or  with  an  obsolete 
(ailyx.  But  other  genera  have  a  regular  calyx  both  to  the  staminate 
and  pistillate  flowers  ;  and  a  few  are  likewise  provided  with  petals. 
Ovary  of  two  to  nine  more  or  less  united  carpels,  coherent  to  a  cen- 
tral prolongation  of  the  asis :  styles  distinct,  often  two-cleft.  Fmit 
mostly  capsular,  separating  into  its  elementary  carpels,  or  cocci 
(usually  leaving  a  persistent  axis)  :  these  commonly  open  elastically 

rrnia,  mboat  Uui  Ditunl  iba.  1181.  Perfect  flowin,  uuignEBed. 
dllKla  flower,  magnifleil.  1189.  Ths  Fmlt.  1110.  CtotHtnOna  of 
4cdDQ  througb  tJu  partcarp,  HftdB,  tod  Bmbrro^ 
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by  one  or  both  sutures.  Seed  with  a  krge  embryo  in  fleshy  albu- 
men, suspended.  —  Ex,  Euphorbia  (Spurge),  Croton,  Buxus  (the 
Box).     Aci'id  and  deleterious  qualities  pei-vade  this  large  order, 


1143 


1143 


1145 


1147 


chiefly  resident  in  the  milky  juice.  But  the  starchy  accumulations 
in  the  rhizoma,  or  underground  portion  of  the  stem,  as  in  tlie  Man- 
dioc  or  Cassava  (Janipha  Manihot)  of  tropical  America,  are  per- 
fectly innocuous,  when  freed  from  the  poisonous  juice  by  washing 
and  heating.  The  starch  thus  obtained  is  the  Cassava^  which,  when 
granulated,  forms  the  Tapioca  of  commerce.  The  farinaceous  albu- 
men of  the  seed  is  also  innocent,  and  the  fixed  oil  which  it  frequently 
contains  is  perfectly  bland.  But  the  oil  procured  by  expression 
abounds  in  the  juices  of  the  embryo  and  integuments  of  the  seed,  and 
possesses  more  or  less  active  properties.  The  seeds  of  Ricinus  com- 
munis yield  the  Cantor  oil :  and  those  of  Croton  Tiglium,  and  some 
other  Indian  species,  yield  the  violently  drastic  Croton  oil  or  Oil  of 

FIQ.  1142.  Flowering  branch  of  Euphorbia  corollata ;  the  lobes  of  the  inToIaore  resem- 
bling a  corolla.  1148.  Vertical  section  of  an  involucre  (somewliat  enlarged),  showing  a  portion 
of  the  staminate  flowers  surrounding  the  pistillate  flower  (a),  which  in  fruit  is  raised  on  a 
slender  pedicel.  1144.  One  of  the  staminate  flowers  enlarged,  with  its  bract,  a :  6,  the  pedicel, 
to  which  the  single  stamen,  e,  is  attached  by  a  joint ;  there  being  no  trace  of  floral  envelopes. 
1145.  Cross-section  of  the  S-pistillate  fruit.  1146  Vertical  section  of  one  of  the  pistils  in  fhiit 
(the  two  others  haying  fallen  away  from  the  axis),  and  of  the  contained  seed  j  showing  the  em- 
bryo  lengthwise.    1147.  A  seed. 
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Ttfflium.  Some  planta  of  the  family  are  most  virulent  poiKins ;  if, 
for  example,  the  Manchineal-tree  of  the  West  Indies  (Ilippomano 
ManiceUa),  which  is  said  even  to  destroy  persons  who  sleep  under  its 
shade ;  and  a  drop  of  the  Juice  blisters  the  hand.  Tlie  hairs  of  some 
species  (such  as  our  Cnidoscolus  stiniulosus)  sting  like  Nettles.  Box- 
wood is  invaluable  to  the  wood-engraver:  The  purple  dye  called 
Turnsole  is  from  Crozopbora  tinetoria.  Another  most  important 
product  of  this  order  is  Caoutchouc,  which  is  yielded  by  vajious  plants 
of  different  families ;  but  the  principal  supply  of  the  article  (that  of 
Para,  Demarara,  and  Surinam)  is  fiimished  by  species  of  Siphonia, 
910.  Ord.  EjnpetraeeEB  {Crowberry  Family).  Low,  shrubby  ever- 
greens, with  the  aspect  of  Heaths ;  the  leaves  crowded  and  acerose, 


with  small  (dioecious  or  polygamous)  flowera  produced  in  the  axils. 
Calyx  consisting  of  regular  imbricated  sepals,  or  represented  by  im- 
bricated bracls.  Stamens  few :  pollen  of  four  grmns  coherent  in 
one,  as  in  Heath.  Ovary  three^  to  nine-celled,  with  a  single  erect 
ovule  in  each  cell :  style  short  or  none :  stigmas  lobed  and  oflen 
laciniated.  Fruit  a  drupe,  with  ftom  three  to  nine  bony  nucules. 
Seeds  albuminous ;  the  radicle  inferior.  —  Bx.  Empetrum,  Ceratiola, 
Corema ;  unimportant  plants.  Probably  no  more  than  apetalous 
Ericacete  ;  but  the  stigmas  are  peculiar. 

911.  Ord.  llrticiKie  (A^e«ZeJ'ami7y),  shrubs,  or  herbs,  with  stipules, 
ollen  with  milky  Juice,  and  diclinous  or  polygamous,  rarely  perfect 
flowers,  furnished  with  a  regular  calyx ;  which  is  free  from  the  one- 
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celled  (Mnnetimea  two-celled)  ovary  and  the  alwajs  one-celled  And 
one-aeeded  iruit,  but  sometimes  enclosing  ic  Stamens  as  many  as 
the  lobes  of  the  calyx  and  opposite  tbem,  or  eometimea  fewer.  Em- 
bryo large ;  cotyledons  mostly  broad ;  the  radicle  snperior  in  the 
fniiL  Stipules  often  deciduous.  A  large  and  greatly  diversified 
wder,  comprising  at  least  four  well-^narked  Buborders. 

912.  8Db*rd.  Ulmaecn  {Elm  Familg).  Trees  or  slmibs,  with  a 
watery  jaice,  alternate  rough  leaves,  perfect  or  merely  polygamous 
flowers,  two  styles  or  stigmas ;  the  ovary  either  one-  or  two-celled, 
with  one  ovule  suspended  from  the  summit  of  each.  Fruit  either  a 
samara  (Fig.  578),  with  a  straight  embryo  and  no  albumen,  as  in 


the  Elm  (Clmus)  ;  or  a  drupe  with  a  curved  embryo  and  scanty 
albumen,  as  in  Celtis  (Hackberry),  the  type  of  the  tribe  CeltideiE. 
Timber-trees.  The  inner  bark  of  the  SUppery  Elm  is  highly 
chai^d  with  mucilage.     Hackberries  are  edible. 

913,  Bnbord.  iiloearpex  {Bread-fruit  Family) -,  which  are  chiefly 
tropical  trees  or  shrubs  with  a  milky  or  yellow  juice  j  the  monce- 
cious  or  dioecious  flowers  mostly  abrogated  into  fleshy  heads,  and 


riQ.  1IS6.  Howct  tt  Um  SIipp*i7  Elm.  116T.  Cdji  1^  opm  uai  tb«  e/nrj  ( 
VtM}.  1168.  Iruit,  Ihs  eaU  Uil  opan  to  •ho*  tin  Aa^  mA.  1169.  Ttaa  IMtai 
VM.  IMnnbiTo. 

na.  Jiei.    Bnnch  of  Celtb  knaimxB^  In  floiw.    1193.  Bnlufnl  flower,  «tMs1 
all;.    11«3.  Drupe,  Uw  ball  dlrliLed  to  ahow  th«  itODs.    1183'.  Ttw  coUid  oiIhjo. 
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forming  a  multiple  fruit,  or  else  enclosed  in  a  drj  or  succulent  invo- 
lucre. Styles  or  stigmas  commonly  two.  Ovary  ripening  into  an 
achenium.  Seeds  with  or  without  albumen.  —  Mc  Artocarpus  (the 
Bread-fruit),  Moms  (the  Mulberry,  Fig.  593-595),  Madura  (thfi 
Osage  Orange),  Ficus  (the  Fig,  Fig.  590-592).  The  fruit  is 
often  innocent  and  edible,  at  least  when  cooked ;  while  the  milky 
juice  is  more  or  less  acrid  or  deleterious.  It  also  abounds  in  Oaouf' 
chouc  ;  much  of  which  is  obtained  from  some  South  American  trees  of 
this  order,  and  from  Fiscus  elastica  in  Java.  Li  one  instance,  how- 
ever, the  milky  juice  is  perfectly  innocent ;  that  of  the  famous  Cow« 
tree  of  South  America,  which  yields  a  rich  and  wholesome  milk. 
One  of  the  most  virulent  of  poisons,  the  Bohon  VpaSy  is  the  concrete 
juice  of  Antiaris  toxicaria  of  the  Indian  Arcliipelago.  The  Bread- 
fruit is  the  fleshy  receptacle  and  multiple  fruit  of  Artocarpus. 
Ihisttc  is  the  wood  of  the  South  American  Madura  tinctoria ;  the 
wood  of  our  own  Madura  or  Osage  Orange  is  used  by  the  Western 
Indians  for  bows.  The  resin  called  Gum  Lac  exudes  and  forms 
small  grains  on  the  branches  of  the  celebrated  Banyan-tree  (Ficus 
Indica,  Fig.  142). 

914.  Sabord.  Urtieen  (TVue  Netde  Family)}  which  are  herbs  in 
colder  countries,  but  often  shrubs  or  trees  in  the  tropics,  with  a 
watery  juice,  often  with  stinging  hairs ;  the  monoecious  or  dioecious 
flowers  mostly  loose,  spicate,  or  panicled.  Ovule  orthotropous. 
Ovary  always  one-celled,  and  style  or  stigma  one ;  the  achenium 
usually  surrounded  by  a  dry  and  membranous  calyx.  Embryo 
straight,  in  fleshy  albumen.  —  Ex,  TJrtica  (the  Nettle),  &c.  Innoc- 
uous plants,  except  for  the  stinging  hairs  of  many  species.  The 
inner  bark  of  Nettles  yields  very  tough  and  slender  fibres. 

915.  Snbordt  Cannabines  {Hemp  Family).  Annual  erect  herbs, 
or  perennial  twining  plants,  with  a  watery  juice  and  dioecious  flow- 
ers ;  the  staminate  flowers  racemose  or  panicled ;  the  pistillate  glom- 
erate, or  imbricated  with  bracts,  and  forming  a  kind  of  strobile-like 
ament ;  their  calyx  one-leaved.  Stigmas  two.  Ovary  one-celled, 
with  an  erect  orthotropous  ovule.  Embryo  coiled  or  bent :  albumen 
none.  —  Ex,  Cannabis  (the  Hemp),  Humuliis  (the  Hop).  Hops 
are  the  catkins  with  liarge  bracts ;  the  bitter  and  sedative  principle 
chiefly  resides  in  the  yellow  grains  that  cohere  to  the  scales  and 
cover  the  fruit.  The  leaves  of  Hemp,  when  grown  in  a  hot  climate, 
are  powerfully  stimulant  and  narcotic,  and  are  used  in  the  East  for 
intoxication.     The  inner  bark  is  used  for  cordage,  &c. 


^   I 
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916.  Ord.  PlatanaeeS  (Plane-tree  Family)  consists  of  the  single 
genus  Platanus  (Plane-tree,  Button-ball),  with  one  Asiatic  and  one 
or  more  North-American  species :  fine  trees,  with  a  watery  juice, 
and  alternate  palmately-lobed  leaves,  with  sheathing  stipules.  Flow- 
ers in  globose  amentaceous  heads ;  both  kinds  destitute  of  floral 
envelopes.  Fruit  a  one-seeded  club-shaped  little  nut,  the  base  ftir- 
nished  with  bristly  hairs.     Seed  albuminous. 

917.  Ord.  Joglandaeen  (WcUnta  Family).  Trees,  with  alternate 
pinnated  leaves,  and  no  stipules.  Flowers  monoecious.  Sterile 
flowers  in  aments,  with  a  membranous  irregular  calyx,  and  indefinite 
stamens.  Fertile  flowers  few,  clustered,  with  the  calyx  adherent  to 
the  incompletely  two-  to  four-celled  but  one-ovuled  ovary,  the  limb 
small,  three-  to  five-parted ;  sometimes  with  as  many  small  petals. 
Ovule  orthotropous.  Fruit  drupaceous ;  the  exocarp  fibrous-fleshy 
and  coherent,  or  else  coriaceous  and  dehiscent:  endocarp  bony. 
Seed  four-lobed,  without  albumen.  Embryo  oily :  cotyledons  cor- 
rugate, two-clefl.  —  Fx.  Juglans  (Walnut,  Butternut),  Carya  (Hick- 
ory, Pecan,  &c.).  —  The  greater  part  of  the  order  is  North  Ameri- 
can. The  timber  is  valuable ;  especially  that  of  Black  Walnut, 
for  cabinet-work,  and  that  of  Hickory,  for  its  great  elasticity  and 
strength.  The  young  fruit  is  acrid :  the  seeds  of  several  are  de- 
licious ;  those  of  the  Walnut  abound  in  a  drying  oil. 

918.  Ord.  CupnliferS  (Oak  Family).  Trees  or  shrubs,  with  alter- 
nate and  simple  straight-veined  leaves,  and  deciduous  stipules. 
Flowers  usually  monoecious.  Sterile  flowers  in  aments,  with  a 
scale-like  or  regular  calyx,  and  the  stamens  one  to  three  times  the 
number  of  its  lobes.  Fertile  flowers  solitary,  two  to  three  together, 
or  in  clusters,  furnished  with  an  involucre  which  encloses  the  fruit 
or  forms  a  cupule  at  its  base.  Ovary  adnate  to  the  calyx,  and 
crowned  by  its  minute  or  obsolete  limb,  two-  to  six-celled  with  one 
or  two  pendulous  ovules  in  each  cell :  but  the  fruit  is  a  one-celled 
and  one-seeded  nut  (Fig.  576).  Seed  without  albumen.  Embryo 
with  thick  and  fleshy  cotyledons,  which  are  sometimes  coalescent.  — 
Ex*  Quercus  (the  Oak),  Fagus  (the  Beech),  Corylus  (the  Hazel- 
nut), Castanea  (the  Chestnut),  &c.  Some  of  the  principal  forest- 
trees  in  northern  temperate  regions.  The  valuable  timber  and 
edible  nuts  they  furnish  are  too  well  known  to  need  enumeration. 
The  astringent  bark  and  leaves  of  the  Oak  abound  in  tannin,  gallic 
acid,  and  a  bitter  extractive  called  Quercine  ;  they  are  used  in  tan- 
ning and  dyeing.     Quercitron  is  obtained  from  the  Quercus  tine- 
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toria.  GaU»  are  awelling^  on  the  leafslalhs,  &e.,  when  wounded  by 
certain  insects  ;  those  of  commerce  are  derived  from  Q.  infrctorja  o( 
Asia  Minor.  Cork  ia  the  extcnor  corky  layer  of  the  burk  of  the 
Spanish  Querciis  Suber. 


919.  Ord.  Hyricaeex  (Sweet- Gale  Family).  Shrubs,  with  alter- 
nate and  simple  aromatic  resinous-dotted  leaves,  monoecious  or  dia;- 
cious.     Differs  from  the  next  principally  by  the  one-celled  ovary, 

with  a  single  erect  orthotropoua  ovule,  and  a  drupe-like  nut Ex. 

Myrica,  Comptonia,  the  Sweet  Fem,     The  drupes  of  M.  cerifera 
(our  CandlebeiTy  or  BaybeiTy)  yield  a  natural  wax. 

920.  Ord-  BelDlaceiC  {Birch  Family).  Trees  or  shrubs,  with  al- 
ternate and  simple  straight-veined  leaves,  and  deciduous  stipules. 
Flowers  monojcious  ;  those  of  both  kinds  in  amenis  (Fig.  312),  and 
commonly  achlamydeous,  placed  three  together  in  the  axil  of  each 
three-lobed  bract.  Stamens  definite.  Ovary  two-celled,  each  cell 
with  one  suspended  ovule  :  styles  or  stigmas  distinct.  Fruit  mem- 
branaceous or  samara-like,  one-celled  and  one-seeded,  forming  with 
the  three-lobed  bracts  a  kind  of  strobile.  Albumen  none.  —  Ex. 
Betula  (the  Birch),  Alnus  (Alder).     The  bark  is  sometimes  aslrin- 

FIO.  U«.    Qnerciu  ChloquaplD  Id  fruit:  a,  eluBtor  of  Bterlle  smenta.    1165.  AmtgnllHl 


Included  ev«d  vaA  embryo, 
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geiit,  and  that  of  the  Birch  is  aromtaic.  The  peculiar  odor  of 
Rivwift  leather  is  Baid  to  be  owing  to  a  pjrcdigneoua  oil  obtained 
from  BetuU  alba,  or  While  Birch. 


0 


921.  Ord.  Salltaeea  {WiBow  Family).  Trees  or  shrnba,  with  al- 
ternate simple  leaves,  fumisbed  with  stipules.  Flowers  dicedous ; 
both  kinda  in  amenta,  and  destitute  of  floral  envelopes  (acblamjde- 
ous),  one  under  each  bract  Stamens  two  to  several,  sometimes 
monadelphous.  Ovary  one-celled,  many-ovuled  I  Styles  or  stigmas 
two,  often  tw<xleft.  Fruit  a  kind  of  foDicie  opening  by  two  valves. 
Seeds  numerous,  ascending,  furnished  with  a  silky  coma  1  Albu- 
men none.  —  Ex.  Saiix  (Willow,  Fig.  415-419),  and  Fopulus  (the 
Poplar).  Trees  with  light  and  soft  wood ;  the  slender,  flexible 
shoots  of  several  Willows  are  employed  for  wicier-work.  The  bark 
is  bitter  and  tonic,  and  conWuna  a  peculiar  substance  {Sedieirte), 
which  possesses  febrifugal  qualities.  The  buds  of  several  Poplars 
exude  a  intrant  balsamic  resio. 

tia.  UK).  Tonnf  unent  ori>tU]iln>toflowBnofsBlRb(B«taU(nel«iH!).  IITI.  Onaot 
EnHng  Uw  Oowna  (■tknwu)  o 
inch  In  ftidt.  UTS'.  Ooe  of  the  kUm  with  lU 
i.  Hi>gida«l  ncOan  of  on  of  tlu  tir<i4lled  [di- 
Iw  nmmit  oT  ach  ogll.  1115.  Tbe  ptatlli  (irltb 
Me.  li;S.  MasDlfted  cnu^eetJoD  of  out  of  tb* 
»U  dtTtded  Tartksllj  ;  tha  itiiEla  Bed  o«Dp:rlaf 
a  iwU  beiac  il^to.    1178.  Tha  Md  nownd.    IITS.  Tb* 
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Ovules,  and  consequently  the  seetL;,  naked,  that  ie,  not  encloried  in 
an  ovary  (5G0) ;  tlie  carpel  being  represented  either  by  an  open 
Bcale,  as  in  Fines  ;  or  by  a  more  evident  leaf,  aa  in  Cycas ;  or  else 
wanting  altogether,  as  in  the  Tew. 

922.  Ord.  CoBiftnr  {Pine  Family).  Trees  or  shrubs,  with  branch- 
ing trunks,  abounding  in  resinous  juice  (the  wood  cliieKy  consisting 
of  a  tissue  somewhat  intermediate  between  ordinary  woo(iy  fibre 
and  vessels,  and  marked  with  circular  disks)  ;  the  leaves  moeUy 


evei^reen,  scattered  or  fascicled,  usually  rigid  and  needle-shaped  o 

JIG.  IIBO.    Cu[«llUT«]>DrCDprMriiiHmp*rTlniu(thitnuiCrpi«a),  MDftaBiiiitl 

AblM  CuudiuiU  (Hemlock  Bpro»)  iritb  litenl  iCuiluta  Bowwa,  uil  ■  CBrtUa  itnMl 
IIBZ.  BbunJuti  unaiit,  LugnlBed,  11S3.  Cupdluj  fcala  of  h  fertil*  unmt,  vlUi  11*  bixc 
JIU.  Sbnllu  bctila  mtVe,  mora  mmtBitrA  ud  Mm  fmm  wlChln  ;  ilunrlng  (ha  Iwo  oniln  ai 
bciml  lo  lU  bun:  ooD  of  liiBii(tbi  laft)lild  apin.  1185.  Tht  ai»la  Inftont,  nsrij  of  U 
ntani  ilic,  ID  Inw  •nifaea  nxopbd  bj  th*  two  Hadm.  11S6.  Polyeat^ledODOui  onbijia  < 
AblH  ud  Cjvum.  11S7.  VertUmI  (Mttoa  of  *a  tabrja.  USS.  StnibU*  tl  Ikiodhuu  dl 
tkhmn  (Sabonlar  Capnialn»>> 
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linear,  entire.  Flowers  monoecious  or  dioDcious,  commonly  amenta- 
ceous. Staminate  flowers  consisting  of  one  or  more  (often  mona- 
delphous)  stamens,  destitute  of  calyx  or  corolla,  arranged  on  a  com> 
mon  rhachis  so  as  to  form  a  kind  of  loose  ament.  —  The  particular 
structure  of  the  flowers  and  fruit  varies  ia  the  subordinate  groups, 
chiefly  as  follows :  — 

923.  gnbord.  AbietinetB  {Fir,  or  Pine  Family  proper).  Fertile 
aments  formed  of  imbricated  scales ;  which  are  the  flat  and  open 
carpels,  and  bear  a  pair  of  ovules  adherent  to  their  base,  with  the 
foramen  turned  downwards  (Fig.  511).  Scales  subtended  by  bracts. 
Fruit  a  strobile  or  cone  (Fig.  596).  Integument  of  the  seed  cori- 
aceous or  woody,  more  or  less  firmly  adherent  to  the  scale.  Em- 
bryo in  the  axis  of  fleshy  albumen,  "with  two  to  fifteen  cotyledons. 
Buds  scaly. 

924.  Sobord.  Cnprewlneae  {Cypress  Family),  Fertile  aments  of 
few  scales  crowded  on  a  short  axis,  or  more  numerous  and  peltate, 
not  bracteate.  Ovules  one,  two,  or  several,  borne  on  the  base  of  the 
scale,  erect  (the  foramen  looking  towards  its  apex,  Fig.  516,  1180). 
Fruit  an  inourated  strobile,  or  sometimes  fleshy  and  with  the  scales 
concreted,  forming  a  kind  of  drupe.  Integument  of  the  seed  mem- 
branous or  bony.  Cotyledons  two  or  more.  Anthers  of  several 
parallel  cells,  placed  under  a  shield-like  connective.  Buds  naked. 
—  Ex,  Cupressus  (Cypress),  Taxodium  (American  Cypress),  Juni- 
perus  (Juniper,  Red  Cedar). 

925.  Subord.  Taxineac  {Yew  Famih),  Fertile  flowers  solitary, 
terminal,  consisting  merely  of  an  ovule,  forming  a  drupaceous  or  nut- 
like seed  at  maturity.  There  are,  therefore,  no  strobiles  and  no 
carpellary  scales.  Embryo  with  two  cotyledons.  Buds  scaly. — 
Ex.  Taxus  (the  Yew),  Torreya. 

926.  It  is  unnecessary  to  specify  the  important  uses  of  this  large 
and  characteristic  family,  which  comprises  the  most  important  tim- 
ber-trees of  cold  countries,  and  also  furnishes  resinous  products  of 
great  importance,  such  as  turpentine,  resin,  pitch,  tar,  Canada  bal- 
sam, &c.  The  terebinthine  Juniper-berries  are  the  fruit  of  Juni- 
perus  communis.  The  Larch  yields  Venetian  turpentine.  The 
powerful  and  rubefacient  Oil  of  Savin  is  derived  from  J.  Sabina  of 
Europe :  for  which  our  nearly  allied  J.  Virginiana  (Red  Cedar) 
may  be  substituted.  The  leaves  of  the  Yew  are  narcotic  and  dele- 
terious. The  bark  of  Larch,  and  especially  of  the  Hemlock-Spruce, 
is  used  for  tanning. 
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927.  Ord,  Cytadottir  {Cycat  FamVy).  Tropical  plants,  with  an 
uiibranclied  .cylindrical  trunk,  incrcit-ing,  like  Palms,  by  a  single 
terminal  bud ;  llie  leaves  piimale  and  their  segments  more  or  less 
rolled  up  from  the  apex  (circinale)  in  vernation,  in  the  manner  of 
Fems,  Flowers  dicecious  ;  the  staminate  in  a  strobile  or  cone  ;  the 
piatillate  also  in  strobiles,  or  else  (in  Cycas)  occupying  contracted 


end  partly  metamorphosed  leaves ;  the  naked  ovules  borne  on  its 
mai^ns.  —  Kx.  Cycas,  Zamia.  —  A  kind  of  Arrowroot  is  obtained 
from  these  thickened  eteins,  or  caudeies,  as  from  our  dwarf  Florida 
species  (the  Cooiitie  of  the  aborigines) ;  and  a  coarse  Sago  fnaa 
the  trunk  of  Cycas. 

FTO.  IISS.  Z«»>>lDttgrin>lii(tha  CooxlitorFlcridt).  1190.  Section  of  th«iterll<iiiiieDt. 
liei.  On*  of  la  Kulcg  delaebed,  bearing  KutteiHl  snlben.  1192.  Fsrtik  ■ment.  rrom  whlsh 
m  qnarUr-iectloii  U  remaied.  1193.  A  pl>CUl*ta  Sontr,  coDditing  of  t>n>  otuIh  pendent  (torn 
Iha  Itikkened  tuuinlt  of  tlu  earpeltur  Kik.  IIM.  A  dnipunoiu  wed,  fcoin  nfaicti  s  put  or 
tfaA  piiJpj  ctat«T  portion,  *t  the  ftp«i.  It  nnjOTod.  1195-  VertictU  section  tbrough  the  Bead  (of 
tlie  Dfctural  AbB),  itaowiDg  tiio  pulp?  Odt«r  eoat,  the  bud  Inner  integument,  the  Albumen,  uid 
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Stem  not  distinguishable  into  bark,  pith,  and  wood ;  but  the  latter 
consisting  of  bundles  of  fibres  and  vessels  irregularly  imbeded  in 
cellular  tissue ;  the  rind  firmly  adherent ;  no  medullary  rays,  and 
no  appearance  of  concentric  layers :  increase  in  diameter  effected 
by  the  deposition  of  new  fibrous  bundles,  which  at  their  commence- 
ment occupy  the  central  part  of  the  stem.  Leaves  seldom  falling 
off  by  an  articulation,  sheathing  at  the  base,  usually  alternate,  entire, 
and  with  simple  parallel  veins  (nerved).  Floral  envelopes  when 
present  mostly  in  threes,  never  in  fives ;  the  calyx  and  corolla  most 
commonly  undistinguishable  in  texture  and  appearance.  Embryo 
with  a  single  cotyledon ;  or,  if  the  second  is  present,  it  is  much 
smaller  than  the  other,  and  alternate  with  it. 

Conspectus  of  the  Orders. 

Sroup  1.  Flowers  on  a  spadix,  furnished  with  a  doable  and  free  perianth 
(answering  to  calyx  and  corolla).  Ovary  one-  to  three-celled,  with  a  single 
ovule  in  each  cell.  Embryo  in  hard  albumen. — Trees  with  nnbranched 
columnar  trunks.  '  Palmes. 

Group  2.  Flowers  on  a  spadix ;  with  the  perianth  simple  and  free,  or  reduced 
to  a  few  scales,  or  commonly  altogether  wanting.  —  Chiefly  herbs. 

Terrestrial.    Fruit  nut-like,  or  comose,  one-seeded.  Typhacejc. 

Terrestrial,  mostly  with  a  spathe.  Fruit  baccate.  Arxcex. 
Aquatic  (floating  or  immersed). 

Flowers  developed  from  the  edge  of  the  floating  frond.  I^emkacsjb. 

Flowers  axillary  or  on  a  spadix.  NAiADACBiE. 

Group  3.  Flowers  not  spadiceons,  famished  with  a  double  and  free  perianth 
(calyx  and  corolla).  Ovaries  several,  distinct,  or  sometimes  united.  Aquat- 
ic herbs.  Ali  smack  j£. 

Group  4.  Flowers  with  a  simple  or  double  perianth,  which  is  adherent  to  the 
ovaiy,  regular,  developed  from  a  spathe,  polygamous  or  diclinous.  Ovary 
one-celled  with  parietal  placentse,  or  3  -  9-celled.  Seeds  destitute  of  albu- 
men.—  Aquatics.  Hydrochabidaccjk. 

Group  5.  Flowers  perfect  with  the  double  or  6-meroa8  perianth  adherent  to  the 
ovary  (or  more  or  less  free  in  some  Hsemodoracese  and  Bromeliaces). 
Seeds  with  albumen,  except  perhaps  the  very  minute  ones  of  Orchidacess, 
&c.    Leaves  parallel-veined. 
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Stamens  gjnandrons,  1  or  2  fertile.    Flower  irregular.  Obchidacea,. 

Stamens  not  gynandrous.    Flower  irregular. 
Fertile  stamen  1,  inferior.  Zinoiberacea. 

Fertile  stamen  1,  superior.  Cannacea. 

Fertile  stamens  mostly  5,  the  sixth  abortire.  Musacea. 

Stamens  not  gynandrous,  regularly  3  or  6. 
Anthers  extrorso.    Stamens  3,  before  the  sepals.  Iridacra. 

Antheis  introrse,  when  3  before  the  inner  perianth. 
Anther-cells  separated  by  a  broad  connective.  Burmanniace^:. 

Anther-cells  approximate  or  joined. 
Leaves  not  scurfy.     Stems  from  bulbs.  Amaryllidaceas. 

Leaves  scurfy  or  woolly.    No  bulbs. 

Terrestrial.     Stamens  3  or  6.  IL«modoracea. 

Mostly  epiphytes.     Stamens  6.  BROMELiACEiE. 

Group  6.  Flowers  dioecious,  with  a  6-merous  perianth  adherent  to  the  ovary. 
Seeds  with  a  minute  embryo  in  hard  albumen.  Leaves  ribbed  and  nettcd- 
veined,  articulated  with  the  stem.  Dioscoreace^. 

Group  7.  Flowers  dicecious  or  perfect ;  the  regular  perianth  free  from  the  ovary. 
Styles  or  sessile  stigmas  distinct.  Embryo  minute  in  hard  albumen. 
Leaves  more  or  less  netted- veined.  Smxlacejc. 

Ch-oup  8.  Flowers  perfect,  not  from  a  spathe,  with  the  regular  6inerous  peri- 
anth free  from  the  ovary.    Seeds  anatropous,  with  albumen. 

Perianth  not  glumaceous.    Leaves  parallel-veined. 

Anthers  introrsc.     Styles  united  into  one.  Liliacea. 

Anthers  extrorse.     Styles  mostly  separate.  Mblanthacea. 

Perianth  glumaceous.     Styles  united  into  one.  Juncaceje. 

Group  9.  Flowers  perfect,  developed  from  a  spathe,  commonly  somewhat  ir- 
regular, the  6-merous  perianth  free  from  the  ovary.  Seeds  anatropous,  with 
albumen.    Aquatics.  .  PoNTEDERiACEiB. 

Cfroup  10.  Flowers  vith  a  double  or  imbricated  perianth,  free  from  the  ovary ; 
the  exterior  divisions  (sepals)  herbaceous  or  glumaceous ;  the  inner  (pet- 
als) petaloid,  free  from  the  one-  to  three-celled  ovary.  Seeds  2,  3,  or  many, 
orthotropous ;  the  embryo  at  the  extremity  of  the  albumen  farthest  from  the 
hilum. 

Flowers  perfect.    Sepals  herbaceous.    Petals  colored.  Cohbielynacbje. 

Flowers  perfect,  capitate.     Sepals  and  bracts  glumaceous.  XYRipACEiC;. 

Flowers  monoecious  or  dioecious,  capitate.  Eriocaulonaceas. 

Group  11.  Flowers  imbricated  with  glumaceous  bracts  (glumes),  and  disposed 
in  spikelets  ;  the  proper  perianth  none  or  mdimentaiy.  Ovary  one-celled, 
one-ovuled.  Seeds  anatropous.  Embryo  at  the  extremity  of  the  albumen 
next  the  hilum* 

Sheaths  of  the  leaves  closed.     Glume  or  bract  single,  Cyperace-s, 

Sheaths  open.     Glumes  mostly  in  pairs,  Gramink^ia, 
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.  928.  Ord.  Palmz  (Palm).  Chiefly  trees,  wilh  unbranclied  cylin- 
drical trunks  growing  by  a  terminal  bud.  Leaves  large,  clusiered, 
fan-shaped  or  pinnated,  plaited  in  vernation.  Flowers  small,  per- 
fect or  polygamou.s,  mostly  with  a  double  (6-inei'ous)  perianth  ;  the 
Ftaniens  usually  as  many  aa  the  petals  and  sepals  together.  Ovary 
1  —  S-celled,  wilh  a  single  ovule  in  each  cell.  Fruit  a  drupe  or  berry. 
Seeds  with  a  cartilaginous  albumen,  ot^cn  hollow  ;  the  enibrj-o  placed 
in  a  small  separate  cavity.  —  Sx.  Palms,  the  most  majestic  race  of 
plants  within  the  tropics,  and  of  the  highest  value  to  mankind,  are 
Bcai-cely  found  beyond  the  limits  of  these  favored  regions.  The 
Date-tree  (Phccnix  daclylifera,  the  leaves  of  which  are  the  Paling 
of  Scripture),  a  native  of  Northern  Africa,  endures  the  climate  of 
the  opposite  shores  of  the  Mediterranean ;  while  in  the  New  "World, 
Chamierops  I'almetlo  (Fig,  184),  the  only  arborescent  species  of  th« 
United  States,  and  one  or  two  low  Palms  with  a  creeping  caudex 
(Dwarf  Palmetto),  extend  from  Florida  to  North  Carolina.  Palms 
afford  food  and  raiment,  wine,  oil,  wax,  flour,  sugar,  salt,  thread, 
weajKtns,  utensils,  and  habitations.  The  Cocoanut  (Cocos  nucifera) 
is  perhaps  the- most  important,  aa  well  as  the  moit  widely  diffused 
species.     Besides  its  well-known  fi'uit,  and  the  beverage  it  contains, 


the  hard  trunks  are  employed  in  the  construction  of  huts;  the  ter- 
minal  bud  (as  in  our  Palmetto  and  other  Cabbage  Palms)  is  a  deli- 
cious article  of  food ;  the  leaves  are  used  for  thatching,  for  making 

FIG.  1196.    Branch  of  tbt  iDllDnKeDct  of  ChunnTOpi  britrii  (Blue  Palmettol.    119T.  A 


bt  Mrpelj  enlu^i  Men  lataraLly.  1201.  Sune,  with  >  secrkm  of  iU  Innor  tU«, 
'uk  or  young  Ked.  1102.  Vtrtical  ncUan  of  *  young  cacoauut.  iboi'lnK  th* 
n  I  uid  >1»  Iha  imall  tmbtjo  In  n  Hpu>M  Uttls  eailt/.    1208  SkUod  of  ■ 
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hats,  btiskets,  mats,  fences,  for  torches,  and  for  writing  upon ;  the 
stalk  and  midrib  for  oars  ;  tlieir  ashes  yield  abundance  of  potash  ; 
the  juice  of  the  flowers  and  stems  (replete  with  sugar,  which  is 
sometimes  separated  under  the  name  of  Jagery)  is  feniiented  into  a 
kind  of  wine,  or  distilled  into  Arrack ;  from  its  spathes  (as  from 
some  other  Palms),  when  wounded,  flows  a  grateful  laxative  bever- 
age, known  in  India  by  the  name  of  Toddy  ;  the  rind  of  the  fruit  is 
used  for  culinary  vessels ;  its  tough,  fibrous,  outer  portion  is  made 
into  very  strong  cordage  {Coir  rope)  ;  and  an  excellent  fixed  oil  is 
copiously  expressed  from  the  kernel.  Sago  is  procured  from  the 
tininks  of  many  Palms,  but  chiefly  from  species  of  Sagus  of  Eastern 
India.  Canes  and  Rattans  are  the  slender,  often  prostrate,  stems  of 
species  of  Calamus.  —  The  Phy telephas,  or  so-called  Ivoiy  Palm, 
of  Central  America,  the  seeds  of  which  are  the  Vegetable  Ivory  now 
so  commonly  used  by  the  turner,  in  place  of  ivory,  for  small  articles, 
is  not  a  genuine  Palm,  having  polygamo-dioecious  flowei*s  with  a 
rudimentary  perianth,  or  none  at  all,  &c.  It  is  proposed  as  the  type 
of  an  order  (PHYTELEPHANXBiE)  ;  but  may  for  the  present  be  ap- 
pended to  the  Palms ;  between  which  and  the  succeeding  orders 
stands  the 

929.  Ord.  PandanaceSB  5  tropical  arborescent  plants,  of  Palm-hke 
port,  but  their  simplified  diclinous  flowera  destitute  of  a  perianth,  the 
one-celled  ovary  many-ovuled.  The  seeds  of  Pandanus  (the  Screw- 
Pine,  Fig.  140),  &c.  are  eatable.  From  the  young  leaves  of  Car- 
ludovica  the  famous  Panama  hats  are  braided. 

930.  Ord.  TyphaceiB  {the  Cat-tail  Family)  consists  of  two  genera ; 
namely,  Typha  (the  Cat-tail),  and  Sparganium  (Bur-reed),  of  no 
important  use.  They  are  spadiceous  plants  with  excessively  re- 
duced flowers,  having  no  perianth. 

931.  Ord.  AraceS  {Arum  Family).  Herbs,  with  a  fleshy  corm  or 
rhizoma,  often  shrubby  or  climbing  plants  in  the  tropics ;  the  leaves 
sometimes  compound  or  divided,  commonly  netted-veined.  Flowers 
mostly  on  a  spadix  (often  naked  at  the  extremity),  usually  surround- 
ed by  a  spathe  or  hood  (Fig.  313,  314).  Flowers  commonly  monoe- 
cious, and  destitute  of  envelopes,  or  with  a  single  perianth.  Ovary 
one-  to  several-celled,  with  one  or  more  ovules.  Fruit  a  berry. 
Seeds  with  or  without  albumen.  —  Ex,  Arum,  Calla,  Symplocarpus 
(Skunk-Cabbage),  Orontium,  Acorus  (Sweet  Flag)  :  the  three  latter 
bear  flowers  furnished  with  a  perianth.  —  All  are  endowed  with  an 
acrid  volatile  principle,  which  is  merely  pungent  and  aromatic  in 

41*' 
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Swtet  Fliig  (Arorus  Calumus),  but  extremely  sharp  in  Arum, 
Indian  Turnip,  &c.  Tlie  acrid  principle  of  these  plants  is  volatile, 
and  is  dissipated  by  heat  or  in  drying.  When  cooked,  their  farina- 
ceous Mtrma  are  ealable.  That  of  Taro  of  the  Souih  Sea  Islands, 
and  some  other  species  of  Colocasia,  are  important  articles  of  food. 
SymplocarpuB  foetida  exhales  a  strong  odor,  very  like  that  of  the 


sJtnnt,  whence,  as  it  has  large  and  roundish  leaves  in  a  radical  clus- 
ter, it  is  called  Skunk  Cabbie.  The  roots  liave  been  used  in  medi- 
cine as  an  anti.'pasraodic. 

932.  Ord.  lemnatese  (Duckweed  Family),  consisting  chiefly  of 
Lerana  (Duckweed  or  Water  Flax-seed)  ;  floating  plants,  with  their 
roots  (if  any)  arising  from  the  bottom  of  a  flat  frond,  and  hanging 
loose  in  the  water ;  their  flowers  pi'oduced  from  the  margin  of  the 
frond,  bursting  through  a  membranous  spathe ;  the  sterile,  of  one  or 

JIO   1204.    Toung  luT,  ud  1Z06,  ipstbM  ud  noi>e»,ar  SjmplMirpiu  tetliU.    1206.  A 
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two  sta;mens  ;  the  fertile,  of  a  one-celled  ovary;  in  fruit  a  utricle  : 
tliey  .are  a  kind  of  minute  and  greatly  reduced  Araceae,  oonnecting 
that  order  with  the  next. 
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933.  Ofd,  Naiadaeeffi  {Pondweed  Family).  Water-plants,  with 
cellular  leaves,  and  sheathing  stipules  or  bases :  the  flowera  incon- 
spicuous, sometimes  perfect.  Perianth  simple  and  scale-like,  or 
none.  Stamens  definite.  Ovaries  solitary,  or  two  to  four  and  dis- 
tinct, one-seeded.  Albumen  none.  Embryo  straight  or  curved.  — 
Ex,  Potamogeton  (Pondweed),  Najas,  Ruppia,  Zostera  ;  the  two 
latter  in  salt  or  brackish  water. 

934.  Ord.  Alismacese  ( Water-Plantain  Family),  Marsh  herbs, 
with  the  leaves  and  scapes  usually  arising  from  a  creeping  rhizoma ; 
the  former  either  linear,  or  bearing  a  flat  limb,  which  is  ribbed  or 
nerved,  but  the  veinlets  commonly  reticulated.  Flowers  regular, 
perfect  or  polygamous,  mostly  in  racemes  or  panicles,  not  on  a  spa- 
dix.  Perianth  double,  the  three  petals  commonly  different  from  the 
sepals,  so  as  evidently  to  represent  a  calyx  and  a  corolla.  Seeds  soli- 
tary in  each  carpel  or  cell,  straight  or  curved,  destitute  of  albumen. 
—  Ex,  Alisma  (Water-Plantain),  Sagittaria  (Arrowhead);  belong- 
ing to  the  proper  Alisma  Family,  which  has  the  seed  (and  conse- 


FIO.  1212.  Whole  plant  of  Lemna  minor,  magnified,  bearing  a  staminate  monandxoofl  flow- 
er. 1213.  An  individual  with  a  diandroos  perfect  flower ;  which  at  1214  is  eeen  separate,  with 
its  spathe,  highly  magnified.  1215.  Flower  of  Lemna  gibba,  much  magnified.  1216.  Vertical 
highly  magnified  section  of  the  pistil  and  the  contained  OTule  of  Lemna  minor  1217  The 
fruit,  and  1218,  its  section,  showing  the  seed.  1219.  Section  tluough  the  highly  magnified 
seed  and  large  embryo. 
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qucntly  the  embrj'o)  curved  or  doubled  upon  itself.  Triglochin  and 
St'hpuehzeria  cKiefly  conslitule  the  Boboi-der  Juncagine*;  ;  where 
the  seed  and  embryo  are  Blraight,  and  the  petals  (if  present)  are 
greenish  like  tlie  calj'X.  Slightly  acrid  plants,  and  some  of  them 
astringent. 


935.  Ord.  Bnlomates,  represented  by  Bulomus,  the  Flowering- 
Rush  of  Europe,  and  three  Email  tropical  genera,  is  a  form  of  the 
last  with  many  ovules  attached  to  the  whole  face  of  the  carpeb : 
these  are  separate  or  combined.     Some  have  a  milky  juice. 

936.  Ord.  HydrMharidaeea  (Frog's-bit  Family)  consists  of  a  fe'» 
aquatic  herbs,  with  ditecious  or  polygamous  regular  flowers  on  scape' 
lilte  peduncles  from  a  spathe,  and  simple  or  double  floral  envelopes, 
which  in  the  feitile  flowers  are  united  in  a  tube,  and  adnate  to  the 
1  —  6-celled  ovary,  more  commonly  one-celled  with  three  parietal 
placentae.  Seeds  numerous,  without  albumen. — Ex.  Limnobium, 
Vallisneria,  Anachaiis. 

937.  Ord.  OTChidaeea  {Orchis  Family).  Herbs,  of  varied  aspect 
and  form ;  distinguished  from  the  other  orders  with,  an  adnate  ovary, 
and  from  all  other  plants,  by  their  irregular  flowers,  with  a  perianth 

FIQ  1220.  Raceme  or  iptke  or  Triglochin  pilnii™.  1221.  KnlsrgWI  flower,  miApetal 
ud  atanicii.  VSZ.  The  club-thsped  cipiule.  IQS4.  A  ma^lBtd  seed,  ubIblClDg  the  ilH|ib* 
ud  chalniL  ll£S.  Embryo  or  th«  ume.  VSa.  I'crUnl  wctioD  of  tbe  stme,  bringlDg  tbe 
plumule  to  Tien.    1237.  CrDiB-MFtbo  (more  mggDieed).  eboving  the  cotyledon  wimpped 

PIG.  1228.  L«f,  iDd  leaS,  flower,  of  Allsim  Plentago  1230.  Mon  eolw^  flower,  with 
tbe  palsle  remo.ed.    1331.  Cerpel,  with  the  orary  dlrided,  showing  the  doubled  OTule.    ISSl 
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of  six  parte;  their  single  fertile  stiimen  (or  in  Cypripedium  tlieir 
two  stamens)  coherent  with  the  style  (tomposing  the  column)  ;  their 
pollen  usually  combined  into  two  or  more  granular  or  waxy  masses 
ipoUinia)  ;    the    ovary  one-celled,  with  three  parietal  placentae, 


covered  with  numerous  minute  seeds, — ^.  Orchis,  Cypripedium 
{Ladies'  Slipper),  Arethusa,  &c.  In  the  tropics  maiiy  are  Epiphytes 
(149,  Fig.  144).  Many  are  cultivated  for  their  beauty  and  singu- 
larity. The  tuberiferous  roots  are  often  filled  with  a  very  dense 
mucilaginous  or  glutinous  substance  (aa  those  of  our  Aplectrum, 
thence  called  Putty-root).  Of  this  nature  is  tlie  &ti^  of  commerce, 
the  produce  of  some  unascertained  species  of  Middle  Asia.  The 
fragrant  Vanilla  is  the  fleshy  fruit  of  Vanilla  planifolia  and  other 
tropical  American  species.  The  roots  of  Cypripedium  are  used  aa 
a  substitute  for  Valerian. 

938.  Ord.  ZiDgiberaceffi  {Girder  Family)  consists  of  some  mostly 
showy  tropical  aromatic  herbs,  the  nerves  of  their  leaves  diverging 

FIG.  1283.    OnrhlB  ipectsbllU  :  a,  m 
tma  which  the  other  parts  are  cut  away 

■DaHU.    12SS.  Uefpiaed  polien-nuii,  vKh  lea  oak.    1238.  Anthun  bulbc 
eolumii,  enlarged :  the  wither  temilnal  aod  opentng  by  >  Ud.    1233.  UagsiBe 
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from  a  midrib ;  the  adnate  perianth  irregular  and  triple  (having  a 
corolla  of  two  series  as  well  as  a  calyx)  ;  fertile  stamen  one,  on  the 
anterior  side  of  the  flower,  free  ;  the  fruit  a  three-celled  capsule  or 
berry ;  the  seeds  several :  with  the  embryo  in  a  little  sac  at  one 
extremity  of  the*  farinaceous  albumen.  —  There  are,  in  fact,  six 
stamens  in  the  andrcecium,  the  three  exterior  petaloid  and  forming 
the  so-called  inner  corolla,  and  two  of  the  inner  verticel  are  sterile. 
—  Their  properties  and  economical  uses  are  well  represented  by  the 
pungent  aromatic  rootstock  of  Ginger  (Zingiber  officinale),  Galin- 
gale  ( Alpinia  Galanga,  &c.),  the  seeds  of  Gardamon,  &c.  The  same 
cordial  qualities  in  lesser  degree  exist  in  the  roots  of  Curcuma 
longa,  &c.  which  furnish  the  coloring  matter  called  Turmeric  ;  while 
other  species  yield  starch,  like  the  closely  allied 

939.  Ofd.  CanOftCeS  {Arrowroot  Family),  which  also  consists  of  trop- 
ical plants,  differs  from  the  preceding  chiefly  in  the  want  of  aroma, 
and  in  having  the  single  fertile  stamen  posterior,  with  a  one-celled 
anther.  —  Ex,  Maranta  arundinacea,  which  yields  the  Arrowroot  of 
the  West  Indies  ;  the  tubers  of  which  are  filled  with  starch. 

940.  Old.  Husaees  {Banana  Family),  Tropical  plants,  of  which 
the  Banana  and  Plantain  are  the  type;  distinguished  by  their 
simple  perianth  and  five  or  six  perfect  stamens.  The  fiiiit  is  an 
important  staple  of  food  in  the  tropics  ;  the  gigantic  leaves  are  used 
in  thatching ;  and  the  fibres  of  Musa  textilis  yield  Manilla  hemp,  as 
well  as  a  finer  fibre  from  which  some  of  the  most  delicate  India  mus- 
lins are  made. 

941.  Old.  Bnnnanniaces  consists  of  small,  mostly  tropical,  annual 
herbs,  commonly  with  a  one-celled  ovary  and  three  parietal  placentae, 
(but  in  several  the  ovary  is  three-celled)  ;  differing  from  OrchidacesB 
by  their  regular  flowers  with  three  stamens  ;  and  from  Iridaceae  by 
the  position  of  these  before  the  inner  divisions  of  the  perianth,  the 
introrse  anthers,  &c.  —  Ex.  Burmannia  and  Apteria,  of  the  South- 
ern States. 

942.  Ord.  IridacCffi  {Iris  Family),  Perennial  herbs ;  the  flower- 
stems  springing  from  bulbs,  corms,  or  rhizomas,  rarely  with  fibrous 
roots,  mostly  with  equitant  leaves^  Flowers  regular  or  irregular, 
showy,  often  springing  from  a  spathe.  Perianth  with  the  tube  ad- 
herent to  the  three-celled  ovary,  and  usually  elongated  above  it ;  the 
limb  six-parted,  in  J<wo  series.  .  Stamens  three,  distinct  or  monadel- 
phous ;  the  anthers  extrorse !  Stigmas  three,  dilated  or  petaloid ! 
Seeds  with   hard   albumen. — Ex,    Iris,   Crocus.     The   rootstocks, 
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corms,  &C.  contain  starch,  with  B(»ne  volatile  acrid  matter.     Those 
of  Iris  cristala  are  very  pungent ;  those  of  L  versicolor,  Ac  are 


drastic  Orri»-root  b  the  dried  rhizoma  of  Iris  florentina,  of  South- 
ern Europe.  The  true  Saffron  consists  of  the  dried  orange-colored 
stigmas  of  Crocus  saliviis. 

943.  Ord.  imaryllidHtea!  {Amaryllis  Family).  Bulbous  plants 
(sometimes  with  fibrous  roots),  bearing  showy  flowers  mostly  on 
scapes.  Perianth  regular,  or  nearly  bo  j  the  tube  adherent  lo  llie 
ovary,  and  often  produced  above  it,  six-parted.  Stamens  six,  dis- 
tinct, with  introrse  anthers.  Stigma  undivided  or  three-lobed. 
Fruit  a  three-celled  capsule  or  berry.  Seeds  with  fleshy  albumen. 
— £r.  Amaryllis,  Narcissus,  Crinum,&o.;  mostly  ornamental  plants. 
The  bulbs  acrid,  emetic,  &c. :  those  of  Hfemanthus  (with  whose  juice 
the  Hottentots  poison  their  arrows)  are  extremely  venomous.  The 
fermented  juice  of  Agave  is  the  intoxicating  J^iJ^  of  the  Mexicans. 
Hypoxys,  which  has  been  taken  as  the  type  of  an  order,  may  prop- 
erly be  referred  to  this  family. 

no.  13SS.  Irta  crialkU.  ]310.  Tha  BammK  at  tb*  itjle,  pMalold  lUgiau,  ud  iIidhiu. 
1241.  Vcrtiul  section  at  tba  amy  (the  equitanC  Juts  cut  imj)  ind  Icmg  tube  of  tha  perl- 
moth.    II42.  CTDWHCtlanorthepod.    1243.  Bwd.    1244.  Enlugnd  MFttoa  of  the  nine,  >b«r- 
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944.  Ordi  Bromeli&ceffi  {Pine-Apph  Family)  consists  of  American 
and  chiefly  tropical  plants ;  with  rigid  and  diy  channelled  leaves, 
often  with  a  scurfy  surface,  a  mostly  adnate  perianth  of  three  sepals 
and  three  petals,  and  six  or  more  stamens ;  the  seeds  with  mealy 
albumen.  —  Ex.  Ananassa,  the  Pine- Apple  ;  the  fine  fruit  of  which 
is  formed  by  the  consolidation  of  the  imperfect  flowei's,  bracts,  and 
receptacle  into  a  succulent  mass.  Tillandsia,  the  Black  Moss  or 
Long  Moss  (which,  like  most  Bromelias,  grows  on  the  trunks  and 
branches  of  trees  in  the  wanner  and  humid  parts  of  America),  has 
the  ovaiy  free  from  the  perianth. 

945.  Ord.  HflCmodoraces  (Bloodwort  Family)  is  composed  of  peren- 
nial herbs,  with  fibrous  roots,  equitant  or  ensiform  leaves ;  which, 
with  the  stems  and  flowers,  are  commonly  densely  clothed  with 
woolly  hairs  or  scurf.  Perianth  with  the  tube  either  nearly  free 
from,  or  commonly  adherent  to,  the  three-celled  ovary;  the  limb 
six-cleft,  regular.  Stamens  six,  or  only  three,  with  introrse  anthers. 
Style  single,  the  stigma  standing  over  the  dissepiments  of  the  ovaiy. 
Embryo  in  cartilaginous  albumen.  —  Fx,  Lachnanthes  (Red-Root), 
Lophiola.  •=—  Some  have  a  red  juice.  The  roots  are  astringent  and 
tonic,  especially  in  Aletris. 

946.  Ord.  DioscoreaCCffi  ( Tam  Family)  consists  of  a  few  twining 
plants,  with  large  tuberous  roots  or  knotted  rootstocks ;  distinguished 
among  Endogens  by  their  ribbed  and  netted-veined  leaves,  with  dis- 
tinct petioles,  and  by  their  inconspicuous  dioecious  flowers,  with  the 
perianth  in  the  pistillate  flowers  adherent  to  the  ovary;  the  limb 
six-cleft  in  two  series.  Stamens  six.  Ovary  three-celled,  with  only 
one  or  two  ovules  in  each  cell :  styles  nearly  distinct.  Fruit  often 
a  three-whiged  capsule.  Albumen  cartilaginous.  —  Fx,  Dioscorea. 
The  tubers  of  one  or  or  more  species,  filled  with  starch  and  mucilage 
(but  more  or  less  acrid  until  cooked),  are  Tams,  an  important  article 
of  food  in  tropical  countries. 

947.  Ord.  SmilaceO;  {Smilax  Family)  is  also  remarkable  among 
Endogens  for  netted-veined  leaves.  It  consists  both  of  herbs  and  of 
shrubby  plants  climbing  by  tendi-ils  ;  the  perianth  is  free  from  the 
ovaiy ;  the  mostly  three  styles  or  sessile  stigmas  are  entirely  dis- 
tinct ;  the  anthers  are  introrse  ;  and  the  fruit  is  a  berry.  Embryo 
minute,  in  hard  albumen.  —  In  the  True  Smilax  Family,  the  flowers 
are  dioecious  and  axillary;  the  six  divisions  of  the  perianth  are 
alike ;  the  anthers  are  one-celled,  and  the  few  seeds  are  orthotropous 
and   pendulous.     They   are   mostly   shrubby   and   alternate-leaved 
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plants.  Ex.  Smilait  {Greenbrier,  &c.) ;  far  the  most  importflnt 
species  is  S  officinalis  of  tropical  America,  tbe  rootstocks  of  which 

are  the  otHcinal  SanaparHla. 

948.     Subord.    TrilliaetS     (TWffium   Familg)    consists    of    low- 
herbs,  with  whorled  leaves  and  per-  _ 

feet   flowers,  which   in   ihe   largest 

genus,  Trillium,  have  a  green  calyx     ^ 

and  a  eolored  corolla ;  the  anthers 

are  two-celled  ;  the  seeds  anatropous 

and  rather  numerous,  —  The  short 

roolslock  of   Trillium    (Fig.    1G9), 

called  Birthroot,  has  a  place  in  the 

popular  materia  medica  ;    but  it  is 

doubtful  if  it  really  possfeises  any 

useful  properties.  '*" 

949.  Ord.  liliatta  (Lily  Family).  Herbs, 
with  the  flower-stems  springing  from  bulb?, 
tubers,  or  with  fibrous  or  fascicled  roots. 
Leaves  simple,  sheathing  or  clasping  at  the 
base,  parallel-veined.  Flowers  regular,  per- 
fect. Perianth  colored,  mostly  of  six  parts, 
or   six-cleft.      Stamens   six:   anthers   introrse.  "" 

Ovary  free,  ihree-celled :  (he  styles  united  into  one.  Fruit  capsular 
or  baccate,  with  several  or  numerous  seeds  in  each  cell.  Albumen 
fleshy,  —  Tliis  lai^  and  widely  diflTused  order  comprises  a  great 
variety  of  form;:  the  Lily,  Dog-tooth  Violet,  and  Tulip  represent  one 
division ;  the  Tuberose,  a  second ;  the  Aloe  and  Yucca,  a  third ; 
the  Hyacinth,  the  Onion,  Leek,  and  Garlic  (Allium),  and  the  As- 
pjiodel,  ft  fourth !  the  Aitparagus,  Lily  of  the  Valley,  and  Solomon's 
Seal,  a  fifth,  which  is  nearly  allied  to  the  oi'der  Srailaeete.  Acrid 
and  often  bitter  principles  prevail  in  the  order,  and  are  most  concen- 
trated in  the  bulbs,  &c.,  which  abound  in  starchy  or  mucilaginous 
matter,  and  are  often  edible  when  cooked.  Squilb  are  Ihe  bulbs  of 
Scilla  maintima  of  the  South  of  Europe.  Aloes  is  the  acrid  and 
bitter  inspissated  juice  of  the  succulent  leaves  of  species  of  Aloe. 
The  original  Dragiya'i-ilood  was  derived  from  the  juice  of  the  fa- 
mous Dragon-tree  (Dractena  Draco)  of  the  East.  —  The  leaves 
of  Phormium  tenai  yield  the  New   Zealand  hemp,   one   of  the 


A  flom  of  TrillInD 


t.  front  Tin.    1216.  A  dlaETun  of  the  ni 
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Strongest  vegetable  fibres  known.     Man}'  are  the  ornaments  of  our 
gardens  and  conservatories. 


950.  Ord.  MelBDlhaceie  {Coichicum  Family).  Herbs,  with  bulbs, 
conns,  or  fasciculated  roots.  Perianth  n^Iar,  in  a  double  series ; 
the  Eepald  and  petals  either  distinct,  or  united  below  into  a  tube. 
Stamens  six,  with  extrorse  anthers  (except  in  Tofieldia  and  Pleeu). 
Ovary  free,  three-celled,  several-seeded :  styles  disUnct.  Albumes, 
fleshy.     The  true  Melanthacea;,  or 

951.  Suboid.  Helaniliies  have  a  mostly  septicidal  capsule  and  a 
marcescent  or  persistent  perianth.  —  Kc.  Colchicum  has  a  perianth 
with  a  long  tube,  arising  from  a  subterranean  ovary ;  it  b  also  re- 
markable for  flowering  in  the  autumn,  when  it  is  leafless,  ripening 
its  frvit  and  pixnlucing  its  leaves  the  following  spring.  In  most  o( 
the  order,  the  leaves  of  the  perianth  are  uncombined ;  as  in  Vera, 
tram  (White  Hellebore),  Helonias,  &c  Acrid  and  drastic  poistai- 
ous  plants,  with  more  or  less  narcotic  qualities ;  chiefly  due  to  a 
peculiar  alkaloid   principle,  named  VertUria,  which  is  lai^y  es' 


FIO-.  1»T.     £r;CtiniDliui 
bulb     124B.    Periutb  Isld  i 
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traded  from  the  seeds  of  Sabadllla,  or  Cebadilla;  the  produce  of 
Sch<£nocauloii  officinale,  &c.  of  the  Mexican  Andes.  The  seeds  and 
the  corms  of  Colchiciuu  are  nsed  in  medicine. 


952.  Sobord.  DvDlBriete  {BeUwori  Family)  has  a  few-seeded  loeuli- 
cidal  capsule  or  berry,  more  or  less  united  styles,  and  a  deciduous 
perianth  ;  the  stems  from  rootstocks.  —  Ex.  Uvularia. 

953.  Ord,  Juneateie  {Rush  Family).  Herbaceous,  mostly  grass- 
like  plants,  often  leafless;  the  small  glumaceous  flowers  in  clusters, 
cymes,  or  heads.  Perianth  mostly  dry,  greenish  or  brownbh,  of  six 
leaves  (sepals  and  petals)  in  two  series.  Stamens  sis,  or  three : 
anthers  inti*orse.  Ovary  free,  three-celled,  or  one^celled  from  the 
placenUe  not  reaching  the  axis ;  their  styles  united  into  one :  stig- 
mas three.  Capsule  three-valved,  few-  or  many-seeded.  Albumen 
fleshy.  —  Ex.  Juncus  (Rush). 

954.  Ord.  FonUdeiiaeeie  (PicJcerel^weed  Family)  comprises  a  few 
aquatic  plants,  with  the  flowers,  either  BoHtaiy  or  spicate,  arising 
from  a  spathe  or  from  a  Assure  of  the  petiole ;  the  six-cleft  and 
colored  perianth  persistent  and  withering,  often  adherent  to  the  base 
of  the  three-celled  ovary ;  the  stamens  three,  and  inserted  on  the 

TIQ.  1262.  Colcfatimm  mntnmnila;  ■  flowering  plBiit.  1%3  Fflriinth  Itkl  opes.  12H. 
PlitU,  wltb  the  long  diHInet  itilea.  12&5  Lntf  fU-ia  nrnl  fmft  (rapuile  opening  bf  septi- 
cI>ImI  dehlsreuu},    ISfiG.    Ci^iiuls  dlvUlei  uuuvorwly.    1:167.    BecUon  of  a  leed,  ud  a  >ep. 


496  ILLUSTRATIONS    OP   THE   NATLTIAL    ORDERS. 

throat  of  the  perianth,  or  six,  and  unequal  in  situation.  Ovules 
anatropous,  numerous ;  but  the  fruit  often  one-celled  and  one-seeded. 
—  Ex,  Pontederia  (Pickerel-weed),  Heteranthera^  &c. 

955.  Old.  Coinmelynaees  (Spiderwort  Family),  with  usually  sheath- 
ing leaves ;  distinguished  from  other  Endogens  (except  Alismacese 
and  Trillium)  by  the  manifest  distinction  between  the  calyx  and 
corolla;  the  fonner  of  three  herbaceous  sepals;  the  latter  of  as 
many  delicate  colored  petals.  Stamens  six,  or  fewer :  anthers  with 
two  separated  cells :  filaments  often  clothed  with  jointed  hairs, 
hyjx)gynous.  Ovary  two-  or  three-celled:  styles  united  into  one. 
Capsule  few-seeded,  loculicidal.  Seeds  orthotropous.  Embrjo 
small,  pulley-shaped,  partly  sunk  in  the  apex  of  the  albumen. — 
Ex,  Commelyna,  Tradescantia  (Spiderwort)      Mucilaginous  plants. 

956.  Old.  lyridaces.  Low,  rush-like  plants ;  with  ensiform,  grassy 
or  filiform  radical  leaves,  sheathing  the  base  of  a  simple  scape, 
which  bears  a  head  of  flowers  at  the  apex,  imbricated  with  bracts. 
Calyx  of  three  glumaceous  sepals,  caducous.  Petals  three,  with 
claws,  more  or  less  united  into  a  monopetalous  tube.  Stamens  six, 
inserted  on  the  corolla ;  three  of  them  bearing  extrorse  anthers, 
the  others  mere  sterile  filaments.  Ovary  one-celled,  with  three 
parietal  placentae,  or  three-celled :  styles  partly  united :  stigmas 
lobed.  Capsule  many-seeded.  Seeds  orthotropous,  albuminous.  — 
Ex,  Xyris  (Yellow-eyed  Grass). 

957.  Old.  £riocaalonaceflB  (Pipewort  Family),  Aquatic  or  marsh 
herbs,  with  much  the  structure  of  the  preceding;  their  leaves  cel- 
lular or  fleshy  ;  their  minute  flowers  (monoecious  or  dioecious) 
crowded,  along  with  scales  or  hairs,  into  a  very  compact"  head  :  the 
corolla  less  petaloid  than  in  Xyridaceae ;  the  six  stamens  often  all 
perfect ;  the  ovules  and  seeds  solitary  in  each  cell.  — Ex,  Eriocaulon. 

958.  Old.  BestiaceSB  consists  of  South  African  and  Australian 
Rush-like  plants,  with  the  aspect  of  Cyperaceae,  but  with  one-celled 
anthers  and  orthotropous  seeds. 

959.  Old.  Cyperaces  {Sedge  Family),  Stems  (culms)  usually 
solid,  caBspitose.  Sheaths  of  the  leaves  closed.  Flowers  one  in  the 
axil  of  each  glumaceous  bract.  Perianth  none,  or  a  few  bristles. 
Stamens  mostly  three,  hypogynous.  Styles  two  or  three,  more  or 
less  united.  Fruit  an  achenium.  Embryo  small,  at  the  extremity 
of  the  seed  next  the  hilum.  —  Ex,  Cyperus,  Scirpus,  Carex  (Sedges). 
The  herbage  is  little  eaten  by  cattle.  Some  Clubrushes  are  used 
for  making  mats,  chair-bottoms,  &c.     The  papyrus  of  the  Egyptians 
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was  made  from  the  stems  of  Cyperus  Papynis.  Tlie  tubers  of 
O.  esculentus  are  sweet  and  edible,  but  are  too  small  to  be  of  much 
value  for  food. 


1258 


960.  Ord.  Gramines  ( Grass  Family),  Stems  {cvlms)  cylindrical, 
mostly  hollow,  and  closed  at  the  nodes.  Sheaths  of  the  leaves  split 
or  open.  Flowers  in  little  spikelets,  consisting  of  two-ranked  imbri- 
cated bracts ;  of  which  the  exterior  are  called  glumes,  and  the  two 
that  immediately  enclose  each  flower,  palea.  Perianth  none,  or  in 
the  form  of  very  small  and  membranous  hypogynous  scales,  from 
one  to  three  in  number,  distinct  or  united  (termed  squamtdce,  squa- 
mellcB,  or  lodictd<B),  Stamens  commonly  three :  anthers  versatile. 
Styles  or  stigmas  two ;  the  latter  feathery.  Fruit  a  cfCryopsis. 
Embryo  situated  on  the  outside  of  the  farinaceous  albumen,  next  the 

FIO.  1258.  Seirpos  triqaeter,  with  its  cluster  of  spikelets.  1259.  A  separate  flower,  en- 
larged, showing  its  rudimentary  perianth  of  &  few  denticulate  bristleit,  its  three  stamens,  and 
pistil  with  a  three-cleft  style :  a^  section  of  the  seed,  showing  the  minute  embryo.  1260.  Ca^ 
rex  Caieyana,  reduced  in  size  (flowers  monoecious,  the  two  kinds  in  different  spikes).  1261. 
Stem,  with  the  staniinate  and  upper  pistillate  spike,  of  the  size  of  nature.  1362.  A  scale  of 
the  staminate  spike,  with  the  flower  (consisting  merely  of  three  stamens)  in  its  axil.  1263. 
Magnified  pistillate  flower,  with  its  scale  or  bract :  the  oyary  enclosed  in  a  kind  of  sac  (perigy- 
Yizum),  formed  by  the  union  of  two  bractlets.  1264.  Cross-section  of  the  pprigynium ;  with 
the  pistil,  Pf  ranoTed.    1265.    Vertical  section  of  the  acheoium,  showing  the  seed. 

42* 
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hilum  (Fig.  126-128,  C22-C24).  —  .Ec.  Agrosti*,  Phleum,  Poa, 
FestucH,  which  are  ihe  principal  jneadow  and  pasture  grasses :  Oiy- 
za  (Rice),  Zea  (Maize),  Avena  (the  Oat),  Tritieum  (Wheat),  Secale 
(Rj'e),  Ilordeum  (Barley),  are  the  chief  cereal  plants,  cultivated  for 
their  farinaceous  eeed^.  This  universally  diffused  order  is  one  of 
the  largest  of  the  vegetable  kingdom,  and  doubtless  the  moat  impor- 
tant ;  the  floury  albumen  of  tlie  seeds  and  the  nutritious  herbage 
constituting  the  chief  support  of  man  and  the  herbivorous  animab. 
No  unwholesome  properties  are  known  in  the  family  except  in  the 
grain  of  Darnel,  which  is  deleterious.  Ergot,  or  Spurred  Rye,  is 
no  exception,  being  a  morbid  growth,  caused  by  a  parasitic  fungus. 
The  stems  of  grasses  frequently  contain  sugar  in  considerable  quan- 
tity (especially  when  they  are  solid) ;  as  in  Maize,  the  sweet  variety 
of  Sorghum  vulgare,  or  Broom-Corn,  and  in  Sugar-Cane  (Saccharum 
oflicinarum),  which  affords  the  principal  supply  of  this  article. 
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Series  IT.     Crtptogamous  or  Flowerless  Plants. 

Plants  destitute  of  proper  flowers  (stamens  and  pistils),  and 
propagated  bj  spores  instead  of  seeds. 

Class  III.    AcROGENOus  Plants.* 


1883 


1S81 


Vegetables  with  a  distinct  axis,  growing  from  the  apex,  with  no 
provision  for  subsequent  increase  in  diameter  (containing  woody  and 
vascular  tissue),  and  usually  with  distinct  foliage. 

961.  Ord.  Equisetuces  (Barsetail  Family).  Leafless  plants ;  with 
striated,  jointed,  simple  or 
branched  stems  (containing  ducts 
and  some  spiral  vessels),  which 
are  hollow  and  closed  at  the 
joints  ;  each  joint  terminating  in 
a  toothed  sheath,  which  surrounds 
the  base  of  the  one  above  it.  In- 
florescence consisting  of  peltate 
scales  crowded  in  a  terminal 
spike,  or  kind  of  strobile :  each 
with  several  thecce  attached  to  its 
lower  surface,  longitudinally  de- 
hiscent. .  Spores  numerous,  with 
four  elastic  club-shaped  bodies 
(of  unknown  use),  wrapped 
around  them  when  moist,  or 
spreading  when  dry. — £x.  Equi- 
setum.  The  epidermis  of  Equi- 
setum  hyemale  (the  well-known 
Scouring  Kush)  contains  so  much 
silex  that  it  is  used  for  polishing. 


1385 


1S88 


*  For  illustrations  of  Classes  III.,  and  lY.  see  the  plates  of  Mantud  of  the 
Botany  of  the  Northern  United  States, 

FIO.  1281.  Summit  of  the  stem  of  Equiaetum  sjlTatictim.  1282.  Part  of  the  axifl  of  the 
fructification,  with  some  of  the  fruit-bearing  organs,  shown  magnified  in  Fig.  1283,  a  view  ttom. 
underneath.  1284.  A  separate  tA«ea,  or  spore-case,  more  magnified.  1285i  1286.  Spores,  with 
the  club-shaped  appendages  more  magnified. 
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902.  Ord.Fili«»(/'«raj).  Leafy  plants;  with  tfe  Ieave3  (/ronrfs) 
Hpirally  rollfd  up  or  circinate  in  vernation  (except  in  one  suborder), 
usually  rising  from  prostrate  or  aublerranean  roolslocks,  or  in  tree- 
Fems  from  an  erect  arborescent  trunk  (Fig.  100),  and  bearing  on 
Ihe  veins  of  tlieir  lower  Burfacc,  or  along  the  mai^ins,  the  simple 
fructification,  which  consbts  of  one-celled  spore-cases  (theea  or  spo- 
rangia), opening  in  various  ways,  and  discharging  the  numerous 


minute  spores.     The  stalk  or  petiole  of  the  frond  is  termed  a  ttipe. 
—  There  ai-e  four  principal  suborders,  viz.: — 

Fifl  i:S7.  Camptomnu  Tfaliophjllai  (Wnlhlng  Two);  tbe  frondi  rooting,  u  tbejtn- 
quenU^  do,  at  tb«  aiwi ;  tbs  nti  occapying  Iba  nticuliled  t^iu  on  tbe  buk.  I3S8.  DlTldoa 
(pLflDUla)  oT  a  frODil  of  ABpldliun  GoldlaDum  ;  tb»  ii>UDdLBh  lort  attached  to  tbe  dupLs  Tdm, 
H.nd  covered  nith  an  lodiuLuiDf  *hkb  Is  fkfltened  Lu  tbe  ctDtn,  and  opena  all  around  tha  mtr^ 

partly  suETouudlag  ii ;  wblcb,  tADdlng  toBlnughtoDliHirwbendry,  tfAnopflatbeBponn^uED, 

aad  Blender  radical  leayei  ;  tbe  contracted  fertile  troD-d  pinnatA.     1292.  A  dkvlalDD  (pmna)  of 

One  or  tbo  iporangla  mon  ruagnlBect ;  they  baTe  no  propor  ring,  and  o]Ten  by  a  longltirdlnid 

iplKeoo  a  tranafoiTpod  and  contracted  rroDd:  a,  portion  of  (bofipLlceaDlargedjBliowlDs  tbvco. 
rlaceom  Bporangia,  desLltute  of  a  ring,  nod  opening  traudTeriHly. 
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963.  Sabord.  PolypodinesVt  Sporangia  collected  in  dots,  lines,  or 
vanously  shaped  clusters  («W4  or  fruit-dots)  on  the  back  or  margins 
of  the  frond  or  its  divisions,  or  rarely  covering  the  whole  surface, 
stalked,  cellular-reticulated,  the  stalk  running  into  a  vertical  incom- 
plete ring,  which  by  straightening  at  maturity  loiptures  the  sporan- 
gium transversely  on  the  inner  side,  discharging  the  spores.  Fruit- 
dots  often  covered,  at  least  when  young,  by  a  membrane  called  the 
involucre,  or  more  properly  the  indusium. 

964.  Sabord.  HymenophylleSB.  Sporangia  borne  on  a  vein  extended 
beyond  the  margin  of  the  frond  into  a  setiform  receptacle,  sessile,  and 
surrounded  by  a  horizontal  complete  ring ;  otherwise  as  in  the  last. 
—  Ex,  Hymenophyllum,  Trichomanes.  Ferns  of  veiy  delicate 
texture,  chiefly  tropical. 

905.  Snbord.  OsmundineSD.  Sporangia  variously  collected,  cellular- 
reticulated,  destitute  of  any  ring  (as  in  Osmunda  or  Flowering 
Fern),  or  with  an  imperfect  trans- 
verse ring  around  the  top  (as  in 
Schizaja,  Fig.  1293),  opening 
lengthwise  by  a  regular  slit. 

966.  Snbord.  Ophioglossese.  Spo- 
rangia spiked,  closely  sessile,  naked, 
coriaceous  and  opaque,  not  reticu- 
lated, destitute  of  a  ring,  opening 
by  a  transverse  slit  into  two  valves, 
discharging  the  very  copious  spores 
which  appear  like  floury  dust. 
Fronds  straight,  never  rolled  up  (or 
circinate)  in  the  bud  I 

967.  Ord. lycopodiacesB  {Cluh-Moss 

Family),  Plants  with  creeping  or 
erect  leafy  stems,  mostly  branching ; 
the  crowded  leaves  lanceolate  or 
subulate,  one-nei*ved.  Sporangia 
single  and  sessile  in  the  axils  of 
the  leaves,  sometimes  all  crowded 
at  the  summit  under  leaves  which  are  changed  into  bracts  and  form 


1295 


FIG.  1295.  Lycopodiam  Carolinianum,  of  the  natural  size.  1296.  A  leaf  from  the  spike  of 
fructification,  with  the  spore-case  in  its  axil,  and  spores  falling  out.  1297.  A  group  of  four 
largnr  spores  (obphoridia)  of  Selaginella,  magnified.  1298.  The  same,  separated  1299  A  burst 
sporo-CMse  of  Selaginella  apus,  with  its  four  large  spores. 


L 
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a  kind  of  ament,  one-celled,  or  rarely  two-  to  three-celled,  dehiscent, 
containing  either  minute  grains,  appearing  IHce  fine  powder,  or  a  few 
rather  large  eporules  ;  both  kinds  often  found  in  the  same  plant  — 
Ex.  Lycopodium  (Club-Moss,  Ground  Pine),  Selaginella. — Append- 
ed to  this  family,  rather  than  to  the  next  (with  which  it  has  gener- 
ally been  associated),  is  the 

968.  Snbord.  IsoetineS  {QuiUwort  Family),  consisting  of  a  few 
acaulescent  submersed  aquatics,  with  their  sporangia  in  the  axils 
and  immersed  in  the  inflated  base  of  the  grassy  subulate  leaves.  — 
Ex,  Isoetes. 

9G9.  Ord.  nydropterides.  Aquatic  or  marshy  cryptogamous  plants, 
of  diverse  habit,  with  the  fructification  borne  at  the  bases  of  the 
leaves,  or  on  submerged  branches :  this  consists  of  two  sorts  of  or- 
gans, contained  in  indehiscent  or  irregularly  bursting  involucres 
(sporocarps).     It  comprises  the 

970.  Sllbord.  HarsilaceSB  {Pepperwort  Family) ;  with  creeping  stems; 
the  leaves  long-stalked,  circinate  in  vernation,  and  of  four  obcordate 
leaflets  in  Marsilea,  or  filiform  and  destitute  of  leaflets  in  Pilularia 
(the  Pillwort). 

971.  Subord.  Salvinieffi ;  which  are  free  floating  plants,  with  alter- 
nate and  sometimes  imbricated  sessile  leaves  ;  the  fructification 
borne  on  the  stem  or  branches  underneath.  —  Ex.  Salvinia,  Azolla. 
(For  illustrations,  see  Mantial  of  Botany,  Plate  14.) 

Class  IV.    Anophttes. 

Vegetables  composed  of  parenchyma  alone,  with  acrogenous 
growth,  usually  with  distinct  foliage,  sometimes  the  stem  and  foliage 
confluent  into  a  frond. 

972.  Ord.  Mnsci  (Mosses).  Low,  tufled  plants,  always  with  a  stem 
and  distinct  (sessile)  leaves,  producing  spore-cases  which  mostly 
open  by  a  terminal  lid,  and  contain  innumerable  simple  spores.  The 
fertilizing  organs,  or  antheridia,  have  been  elsewhere  mentioned.  In 
Mosses  these  accompany  the  pistillidia ;  the  latter  develop  into  the 
capsule,  or  more  properly  the  sporangium  or  spore-case.  This  is 
rarely  (in  Andi'a^a)  dehiscent  into  four  valves,  or  irregularly  rup- 
tured (in  Phascum,  &c.).  It  usually  opens  by  a  lid  (operculum)  : 
beneath  the  lid  and  arising  from  the  mouth  of  the  capsule  are  com- 
monly either  one  or  two  rows  of  rigid  processes  (collectively  the 
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perigtome),  which  are  always  some  multiple  of  four:  those  of  the 
outer  row  are  called  Ueth,  of  the  inner,  dUa.  The  sporea  which  fill 
the  cavity  conuaonly  appear  like  an  impalpable  greenish  powder. 
The  pedicel  continued  through  the  capsule  forma  the  columella  :  en- 
larged under  the  capsule  it  sometimes  forms  an  apophynt.     The 


eali/ptra  separating  early  at  its  base  is  carried  up  on  the  apex  of  the 
capsule  }  if  it  splits  on  one  side,  it  is  hood-shaped  oi-  cucuUiform,  if 
not,  it  is  mitre-shaped  or  mitriform.  The  particular  structure  of  all 
our  genera  of  Mosses,  and  of  the  following  order,  is  illnstraled  in 
the  p]at«s  of  the  Manual  of  the  Botany  of  the  Northern  United 
States  ;  to  which  the  student  is  referred  for  details. 

973.  Orrt.  Hepallcs  {Liverworts).  Frondose  or  Moss-like  plants, 
of  a  looie  cellular  texture,  usually  procumbent  and  emitting  rootlets 
from  heneath ;  the  calyptra  not  separaling  from  the  base,  but  usually 
rupturing  at  tlie  apex  ;  the  sporangium  or  capsule  not  opening  by  a 


,  1301.  the  cslyptn  delachod  ttoin  tl»  ipore.iaH.  1S02. 
U^nlfigd  ipon-oiH,  (Tom  which  the  Ud  or  operculum.  1308,  hu  bnn  remned,  sbowlag  Ihs 
periifaniM.  1304.  A  portloD  of  tha  uiDiilai  or  ring  under  Uie  lid,  non  nagnifled.  1305,  A 
ponlDD  of  the  outer  wd  Inner  periatome,  high];  migslBed.  11)03.  The  Bo-ulled  flooen  In  & 
;oaDgit(>te,«njliUiigof  tba  plstiUidla  9,ud  the  utherMli  (f,  with  fome  cellular  )iilat<d 
thread!  Intannlied ;  the  inrolncnil  1e»«>  cnt  BWRy.  1307.  Ooe  of  the  utheridlii  mon  magnl- 
fled  (with  KHne  K«iinpiui]'lDg  cellnlor  threadB),  openloE  >t  the  ipei,  end  diuhargliig  the  coo- 
tenU.  1308.  Simple  perlttome of  Splachnum  I  Uie  teeth  nilted  In ptdrs.  1309.  Doableperb- 
lomeofllypnani ;  the  eiterior  spreading  1310.  FhyinimltTluni  (O^muDsloDiam)  pfrlOinne. 
1811.  Iti  aliptra,  detaohed  horn,  1812,  th*  Iheo.  1813.  The  lid  remoTsd  tnaa  the  orlBce, 
which  li  desUtuK 
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lid,  containing  Bpores  usaally  mixed  with  elaters  (which  are  thin, 
thread-like  cells,  containing  one  or  two  spiral  fibres,  uncoiling  elas- 
tically  at  maturity).  Vegetation  sometimes  frondose^  i.  e.  the  stem 
and  leaves  confluent  into  an  expanded  leaf-like  mass ;  sometimes 
foliaceous^  when  the  leaves  are  distinct  from  the  stem,  as  in  true 
Mosses :  the  leaves  are  entire  or  cleft,  two-ranked,  and  often  with  an 
imperfect  or  rudimentary  row  (amphigastria)  on  the  under  side  of  the 
stem.  The  matured  pistillidium  forms  the  sporangium  or  capsule, 
which  is  either  sessile  or  borne  on  a  long  cellular  pedicel,  and  de- 
hiscent by  irregular  openings,  by  teeth  at  its  apex,  or  lengthwise  by 
two  or  four  valves.  The  perianth  is  a  tubular  organ  enclosing 
the  ccdyptra,  which  directly  includes  the  pistillidium.  Surrounding 
the  perianth  are  involucral  leaves  of  particular  forms.  The  an- 
theridia  in  the  foliaceous  species  are  situated  in  the  axils  of  peri- 
gonial  leaves. 

974.  Sllbord.  Bieeiaceffi  consists  of  a  few  chiefly  floating  plants,  root- 
ing from  beneath,  with  their  fructification  immersed  in  the  frond,  the 
sporangium  bursting  irregularly.  No  involucre  nor  elaters.  —  JSc. 
Riccia. 

1314  IS16  ISlC 


1317  131B 

975.  Snbord.  AnthoceroteSD.  Ten*estrial  frondose  annuals,  with  the 
fi*uit  protruded  from  the  upper  surface  of  the  frond.  Perianth  none. 
Sporangium  pod-like,  one-  or  two-valved,  with  a  free  central  colu- 
mella.    Elaters  none  or  imperfect. 

976.  Sabord.  MarchanliaceBB  (True  Liverworts).  Frondose  and  ter- 
restrial perennials,  growing  in  wet  places,  with  the  fertile  receptacle 
raised  on  a  peduncle,  capitate  or  radiate,  bearing  pendent  calyptrate 

FIG.  1314, 1315.  Riccia  natans,  about  the  natural  size.  1316.  RIagntfied  section  through 
the  thickness  of  the  frond,  showing  the  immersed  sporangia ;  one  of  which  has  burst  through 
and  left  an  effete  cavity.  1317.  Magnified  yertical  section  of  one  of  the  sporangia,  with  the 
contained  fipores*  1318.  Sporangium  torn  away  from  the  base,  and  a  quaternary  group  of 
spores,  united  and  separated. 
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sporangia  from  the  under  eide :  thesa  open  variooslf,  but  are  not 
four-valTed.     Elaters  with  two  epind  fibres. 


977.  Sabord.  JUDgeimaillilces.  Frondose  or  mostlj  foliaceouB 
plants ;  with  the  sporangium  dehiscent  into  four  valvea,  and  the 
sporea  mixed  with  elaters. 


Class  V.    Thallophttes. 

Vegetables  composed  of  parenchyma  alone,  forming  a  masa  or 
Etratum  {thaUua,  lOt),  727),  or  consisting  of  a  congeries  of  cells,  or 
even  of  separate  cells,  never  exhibiting  a  marked  distinction  into 
root,  stem,  and  foliage,  or  into  axis  and  leaves. 

973.  Ordi  Liehcnei  {LicJient)  form  the  highest  grade  of  this  lower 
series.  They  consist  of  flat  expansions,  which  are  rather  crustaceous 
than  foliaceous  ;  while  some  are  neariy  pulverulent.  In  several  the 
vegetation  rises  into  a  kind  of  axis,  or  imitates  stems  and  branches ;  as 
in  the  Cladonia  coccinea,  which  abounds  on  old  logs  (Fig.  1327)  ;  or 
in  Cladonia  rangiferina,  the  ^Reindeer  Moss ;  also  in  Usnea,  where 
it  forms  long,  gray  tufts,  hanging  from  the  bouglia  of  old  trees  in  our 
Northern  forests.  Lichens  are  never  aquatic,  hut  grow  on  the  ground, 
on  the  bark  of  trees,  or  on  exposed  rocks,  to  which  the  proper  rock- 
Lichens  adhere  by  their  lower  surface,  with  great  tenacity,  while  by 

no.  ISIB.  iMtdi  Ijiim,  with  tlw  miDg  frnc>t<l»ll«  itlll  lulndcd  hi  lb*  tnlnlu  pnt- 
■Bth.  ISZO.  DriilsHiit  iiHimigluiD  of  d  JncEmoiuiote,  on  Ita  fhilt-tlilk,  lith  lonu  oT  U» 
l«TH  It  In  but,  DisnlSid  enmiEfa  to  eiUblt  lei  nllnln  itmstDn.  1321.  Two  eMeta  troa 
tlw  Jim*  (b,  In  an  udrt  Mata ;  b,  vlLh  only  Uu  thrvadj  miuhiliif ),  utd  loms  ipoiu,  highly 
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the  Upper  they  draw  their  nourishment  directly  from  the  lur.  The 
fructification  is  in  cupt,  or  thieldt  {apotheda),  resting  on  the  snrfnce 
•  of  the  thallus,  or  more  or  less  immersed  in  its  substance,  or  else  in 
pulverulent  Bpots  scattered  over  the  surface.  A  magnified  section 
throu^  an  apothecium  (Fig.  1324}  brings  to  view  a  stratum  of 
elongated  sacs  [fuci),  with  filaments  intermixed,  as  seen  detached 
and  highly  magnified  at  Fig.  1325.  Each  ascot,  or  sac,  contains  a 
few  spores :  these  divide  into  two,  which,  however,  generally  remain  . 


'Zxitu^^^ 


coherent.  For  a  description  of  the  Lichens  of  this  country,  the 
student  is  referred  to  Professor  Tuckerman's  Synopsis  of  the  Li- 
chenet  o/ J^em  England,  the  other  Northern  States,  ^-c.  and  lo  his 
Lichenes  Amer.  Sept.  Mesiccati,  illustrating  them  by  named  apeci- 


A  Hnrs]  Uobana  us  (Hnring,  iDDh  u(paHl>>K  l^omlei 
mLnlatk,  Lwddek  gvogTAphlu  (u  called  f^m  ^U  pkUhe 
EC  on  Dupi),  tbo  ,  ftfl     1323.  Plm  oT  Uh  ttulliu  of  Pu 
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979.  Ord.  Fnngi  {Mushrooms,  Motdds,  Src.)  are  parasitic  (150,  153) 
fiowerless  plants,  either  in  a  strict  sense,  as  living  upon  and  draw- 
ing their  nourishment  from  living,  though  more  commonly  languish- 
ing, plants  and  animals,  or  else. as  appropriating  the  organized  mat- 
ter of  dead  and  decaying  animal  and  vegetable  bodies.     Hence  they 
fuM  an  office  in  the  economy  of  creation  analogous  to  tliat  of  the 
infusory  animalcules.     Those   Fungi  which   produce   Rust,   Smut, 
Mildew,  &c.  are  of  the  first  kind ;  those  which  produce  Diy-rot,  &c. 
hold  a  somewhat  intermediate  place ;  and  Mushrooms,  Puff-balls, 
&c.  are  examples  of  the  second.     Fungi  are  consequently  not  only 
destitute  of  anything  like  foliage,  but  also  of  the  green  matter,  or 
chlorophyll,  which  appears  to  play  an  essential  part  in  vegetable 
assimilation.     A  full  account  of  the  diversified  modifications  of  struc- 
ture that  Fungi  display,  and  of  the   remarkable   points  in  their 
economy,  would  require  a  large  volume.     We  will  notice  three  sorts 
only,  which  may  represent  the  highest,  and  nearly  the  lowest,  forms 
of  this  vast  order  or  class  of  plants.     They  all  begin  (in  germina- 
tion or  by  offsets)  with  the  production  of  copious  filamentous  threads, 
or  series  of  attenuated  cells,  appearing  like  the  roots  of  the  fungus 
that  arises  from  them  (Fig.  1328,  1330),  and  to  a  certain  extent 
performing  the  functions  of  roots :  this  is  called  the  mycelium,  and 
is  the  true  vegetation  of  Fungi.     The   subsequent  developments 
properly  belong  to  the  fructification,  or  are  analogous  to  tubers, 
rhizomas,  &c.     In  one  part  of  the  order,  the  masses  that  arise,  of 
various  definite  shapes,  and  often  attaining  a  large  size,  contain  in 
their  interior  a  multitude  of  asci  (Fig.  1329),  enclosing  simple  or 
double  sporules,  just  as  in  Lichens.     The  esculent  Morel  has  this 
kind  of  fructification  ;  as  well  as  the  less  conspicuous  Sphaeria  (Fig. 
1328),  which  is  in  other  respects  of  a  lower  grade.     The  Agarics, 
like  the  Edible  Mushroom  (Fig.  1330),  produce  their  spores  in  a 
different  way.     Hounded  tubercles  appear  on  the  mycelium ;  some 
of  these  rapidly  enlarge,  burst  an  outer  covering  which  is  left  at  the 
base  (the  volva,  or  wrapper),  and  protrude  a  thick  stalk  (stipes), 
bearing  at  its  summit  a  rounded  body  that  soon  expands  into  the 
ptleus,  or  cap.     The  lamella,  or  gtUs  (hymenium),  that  occupy  its 
lower  surface,  consist  of  parallel  plates  (Fig.  1331),  which  bear 
naked  sporules  over  their  whole  surface.     A  careftil  inspection  with 
the  microscope  shows  that  these  spoiTiles  are  grouped  in  fours  ;  and 
a  view  of  a  section  of  one  of  the  gills  shows  their  tame  origin  (Fig, 
1332).     Certain  of  the  cells  (hasidia),  one  of  which  is  shown  more 


&08  ILLUSTRXTIOHB  OF  THE  XATUBAI.  ORDERS. 

magnifled  at  Fig.  1383,  prodnce  four  email  cells  at  their  free  sam- 
■nit,  apparently  bj  gemmation  and  constnetian :  these  are  the  epore& 
It  U  maintaiDed  that  the  larger  uitermiagled  cells,  (of  which  one  is 
rhown  at  Fig.  1332,  a.)  filled  with  an  attenoated  Sxm  otsaaOer,  are 
the  analogues  of  antheridia.  The  lowest  Fungi  produce  Stom  thdr 
raycelium  onlj  simple  or  brandling  series  of  cells  (Fig.  92-~94). 
The  myceliam  itnelf  either  runifies  throagh  decaying  organized 
matter,  as  the  Moulds,  dec. ;  or  else — like  the  Bl^bt  and  Rust  in 
grain,  and  the  Mutcardine  «o  destructive  to  silkworms,  and  othen 


60  destructive  to  the  Grape,  the  Potato,  &c  —  it  attacks  and  spreads 
throughout  living  tissues,  often  producing  great  havoc  before  its 
fructification  is  revealed  at  the  surface.  Sometimes  the  last  cells  of 
the  stalks  swell  into  a  vesicle,  in  which  the  minute  sporules  are 
formed  ;  aa  in  Fig.  92.  Sometimes  the  branching  stalks  bear  single 
sporules,  like  a  bunch  of  grapes  (Fig.  94),  or  long  series  of  cells,  or 

riB.  1828.  BphiBriB  iflwlta.  1828.  Ak!  from  lU  InBrior,  rontalolne  monilB,  highly  =«- 
nlBed.  1S30.  AiKTldui  cjunptMlrii,  the  Edible  mmhroonj,  in  its  rarlouH  stagst.  1331.  SecMm 
tUroust  Iha  pLleu,  (o  dUptay  the  gill*.    1381  A  am&U  plera  of  «  all™  ihtmgh  Uw  Bikk- 
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sporolesy  in  tOwb,  like  the  beads  of  a  necklace  (Fig.  93),  which, 
separating,  become  the  rudiments  of  new  plants. 

980.  Old.  llgS  (Seaweeds).  This  vast  order  consists  of  aquatic 
plants,  for  the  most  part  strictly  so,  but  some  grow  in  humid  ter- 
restrial situations.  The  highest  forms  are  the  proper  Seaweeds 
(  Wrncky  Tang,  Dtdte,  TcmgUj  &c.)  ;  ^  some  of  which  have  stems  ex- 
ceeding in  length  (although  not  in  diameter)  the  trunks  of  the  tallest 
forest-trees,  while  others  have  leaves  {fronds)  which  rival  in  expan- 
sion those  of  the  Palm."  ^  Others  again  are  so  minute  as  to  be 
wholly  invisible,  except  in  masses,  to  the  naked  eye,  and  require  the 
highest  powers  of  our  microscopes  to  ascertain  their  form  and  struc- 
ture." Some  have  the  distinction  of  stems  and  fronds ;  others  show 
simple  or  branching  solid  stems  only ;  and  others  flat  foliaceous  ex- 
pansions alone  (Fig.  95),  either  green,  olive,  or  rose-red  in  hue. 
From  these  we  descend  by  successive  gradations  to  simple  or 
branching  series  of  cells  placed  end  to  end,  such  as  the  green  Con- 
fervas of  our  pools,  and  many  marine  forms :  we  meet  with  congeries 
of  sudi  cells  capable  of  spontaneous  disarticulation,  each  joint  of 
which  becomes  a  new  plant,  so  that  the  organs  of  vegetation  and  of 
fructification  become  at  length  perfectly  identical,  both  reduced  to 
mere  cells ;  and  finally,  as  the  last  and  lowest  term  of  possible  vege- 
taticm,  we  Itave  the  plant  reduced  to  a  single  cell,  giving  rise  to  new 
ones  in  its  interior,  each  of  whidi  becomes  an  independent  plant 
(Fig.  79  -  83,  18  -  22).  Our  Alga  should  be  studied  by  the  aid  of 
the  admirable  iVtfrm  BoreaU^AmericanOj  or  History  of  the  Marine 
Algm  of  North  AmericOf  by  Professor  Harvey,  published  by  the 
Smithsonian  Institution.  For  the  fresh-water  species  we  have  no 
American  work.  The  main  divisions  of  Algse  are  into  the  following 
suborders. 

981.  8ttbord«  MdanospmneSf  or  Fncaees,  the  OUve-grem  Seaweeds  ; 
having  daik-colored  spores  and  generally  an  olive-green  color,  such 
as  the  common  Bockweed,  Gulfweed,  &c.  The  fertilization  of  these 
qpores  has  already  been  described  (661). 

982.  Soboid.  Ulodot|mrmes,  or  Florides,  the  Rose^ed  Seaweeds,  so 
called'  finom  their  prevailing  color.  These,  the  most  beautiful  of 
Alga  (including-lhe  Dulse,  Lover,  ^cc)  have  two  kinds  of  spores ; 
one  large,  simple,  and.superfidai;  th^  others  dispersed  thix>ugh  the 
interior  of  the  frond,  and  ^rmed  four  together  in  a  mother  cell. 

'    983.  Snbord.  CUorOspenneS)  the  Bright-^een  Alga,  the  spores  and 
the  vegetation  of  which  are  generally  of  a  lively  green  hue,  are  more 

43* 
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simple  in  stracture,  and  include  the  fresh-water  kinds  generallj,  as 
well  aa  numerous  marine  Fipedes  ;  among  ifiem  those  of  single  rows  of 
cells,  or  of  single  cells  (100-105,  656-660),  Some  of  these  fruc- 
tify by  conjugation  (635  —  657),  as  is  the  case  in  those  Bimplifled 
forms  which  compose  the 

984.  Snboid.  DanMiatCB,  which  are  microscopic  and  infiisoFy  green 
Algte  of  single  cells  (Fig.  100,  666),  often  of  crystal'Uke  forms,  in- 
vested with  mucus,  and  belonging  to  fresh  water.     They  mvUiply 
lately  by  di»iaion,  but  strictly  ;>ro;Hi^^  only  by  cwijugation.     Many 
of  them  have  long  been  claimed  for  the   animal  kingdom,  or  es- 
teemed of  ambiguous  nature,  on  account  of  the  free   movements 
they  exhibit ;  but  this  affords  no  real  distinc- 
tion. (Chap.  XII.,  Xin.)    Uore  ambiguous 
still,  and  on  the  lowest  confines  of  the  vegeta- 
ble kingdom,  are  those  minute  vegetables,  as 
they  doubtless  are,  which  constitute  the 

985.  Snbord.  OUIomBCec.  These  dilfer 
from  the  last  chiefly  in  the  brown  iasiki 
green  color  of  their  contents,  in  the  sil" 
and  durable  nature  of  their  cell-wall,  and  in 
being  natives  of  salt  instead  of  fresh  wal«r. 
Their  movements,  as  they  break  up  from 
their  connections,  are  still  more  vivid  and 
varied.  Some  are  fixed ;  others  are  free. 
Some  are  extremely  minul«;  others  form 
clusters  of  cells  of  considerable  size.  All 
require  a  compound  microscope  for  their 
study,  and  a  full  treatise  is  needed  to  do  them 

986.  Drd.    Ghaneen.     The  Ckara  Family 
consbts  of  a  few  aquatic  [Hants,  which  have 

"*  ""         all  the  simplicity  of  the  lower  Algte  in  their 

vegetation,  being  composed  of  simple  tubular  cells  placed  end  to 
end,  and  oflen  with  a  set  of  smaller  tubes  applied  to  the  surfiice  of 
the  main  one  (Fig.  1335,  1336).  Hence  they  have  been  placed 
among  Algie.  But  their  fructification  is  of  a  higher  order.  It  coo- 
sists  of  two  kinds  of  bodies  (both  shown  in  Fig.  1335),  of  which 

FIO.  1S34.  BruKh  ot  the  caDmon  Chum,  -brmAj  Um  nstnnl  gl«.  1S86  A  porOoD  nngiil- 
fM.Hbvirliigthv  lateral  iiib«flDc1oaing«  Urga  mpCtbI  one  (a  portka  more  mugplfleii  at  1236); 
k]»o  ft  Apore,  lDV««teil  bj  ft  Ht  of  tubes  twisted  Bpinlly  uwmd  it ;  and  the  uiUieridiuni  bon* 
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the  smaller  (and  lower)  contains  antheridia  of  curious  stnicture, 
provided  with  slender  and  active  spermatozoids,  while  the  upper 
and  larger  is  a  sporocai-p,  foitned  of  a  budding  cluster  of  leaves 
wrapped  around  a  nucleus,  which  is  a  spore  or  sporangium.  The 
order  might  perhaps  have  been  introduced  between  the  Equise- 
tacese  (to  which  the  verticillate  branches  show  some  analogy)  and  the 
Hydropterides  ;  but  its  true  position  is  hard  to  deteimine. 


CHAPTER    IV. 

OP  THE   ABTIFICIAL    SYSTEM    OP    LINN^US. 

987.  The  difference  in  principle  between  an  artificial  and  a  natu- 
ral system  of  classification  has  already  been  indicated  (715).  No 
)  .hfiv^jetter  understood  this  than  Linnaeus,  when,  finding  it  impossible 

fci'^^'isfe  day  to  make  a  natural  classification  available  for  ordinary  use, 
h^;  proposed,  as  a  temporary  substitute,  the  elegant  artificial  scheme 
which  bears  his  name.  As  this  system  is  identified  with  the  history 
of  the  science,  which  in  its  time  it  so  gi'eatly  promoted,  and  as  most 
systematic  works  have  until  recently  been  arranged  upon  its  plan,  it 
is  still  necessary  for  the  student  to  understand  it.  Its  principles  are 
so  simple,  that  a  brief  space  will  amply  suffice  for  its  explanation. 

988.  It  must  be  kept  in  mind,  that  an  artificial  scheme  does  not 
attempt  to  fulfil  all  the  conditions  of  natural-history  classification. 
Its  principal  object  is  to  furnish  an  easy  mode  of  ascertaining  thej- 
names  of  plants  ;  their  relationships  being  only  so  far  expressed  as 
the  plan  of  the  scheme  admits.  All  higher  considerations  are  of 
course  sacrificed  to  facility.  In  the  Linnsean  classification,  the 
species  of  a  genus  are  always  kept  together,  whether  or  not  they  all 
accord  with  the  class  or  order  under  which  they  are  placed.  Its 
lower  divisions,  therefore,  namely,  the  genera  and  species,  are  the 
same  as  in  a  natural  system.  But  the  genera  are  arranged  in  arti- 
ficial classes  and  orders,  founded  on  some  single  technical  character, 
and  have  no  necessary  agreement  in  any  other  respect ;  just  as 
words  are  alphabetically  arranged  in  a  dictionary,  for  the  sake  of 
convenience,  although  those  which  stand  next  each  other  have,  it 
may  be,  nothing  in  common  beyond  the  initial  letter. 
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989.  The  classes  and  orders  Linmeus  founded  entirety  upon  the 
namber,  sitaaticm,  and  connection  of  the  stamens  and  pistils;  the 
ofRce  and  importance  of  which  he  had  just  set  in  a  clear  light. 

990.  The  classes,  twenty-four  in  number,  were  founded  upon 
modifications  of  the  stamens,  and  have  names  of  Greek  derivation 
expressive  of  their  character.  The  first  eleven  comprise  all  plants 
with  perfect  flowers,  and  with  a  definite  number  of  equal  and  un- 
connected stamens.  They  are  distinguished  by  the  absolute  number 
of  these  organs,  and  are  designated  by  names  compounded  of  Greek 
numerals  and  the  word  andria  (from  avt\p)y  which  is  used  meta- 
phorically for  stamen,  as  follows :  — 

Glass  1.  MoN ANDRIA  includes  all  such  plants  with  one  stamen  to 
the  flower ;  as  in  Hippuris. 
2.  DiANDRiA,  those  with  two  stamens,  as  in  the  Lilac 
8.  Triandria,  with  three  stamens,  as  in  the  Valerian,  &c 

4.  Tetrandria,  with  four  stamens,  as  in  the  Scabious. 

5.  Pentandria,  with  five  stamens,  the  most  frequent  case. 

6.  Hexandria,  with  six  stamens,  as  in  the  Lily  Family,  &c 

7.  Heptandria,  with  seven  stamens,  as  in  Horsechestmit. 

8.  OcTANDRiA,  with  eight  stamens,  as  in  Evening  Primrose,  &c. 

9.  Enneandria,  with  nine  stamens,  as  in  the  Rhubarb. 

10.  Decandria,  with  ten  stamens,  as  in  Rhododendron. 

11.  DoDECANDRiA,  with  twclvc  stameus,  as  in  Asarum  and 

the  Mignonette ;  extended  also  to  include  those  with 
from  tliiiteen  to  nineteen  stamens. 

991.  The  two  succeeding  classes  include  plants  with  perfect  flow- 
ers, having  twenty  or  more  unconnected  stamens,  which,  in 

12.  IcosANDRiA,  are  inserted  on  the  calyx  (perigynous,  467), 

as  in  the  Rose  Family ;  and  in 

13.  PoLTANDRiA,  ou  the  rcceptacle  (hypogynous,  466),  as  in 

the  Buttercup^  Anemone,  &c. 

992.  Their  essential  characters  are  not  indicated  by  their  naines ; 
the  former  merely  denoting  that  the  stamens  are  twenty  in  number ; 
the  latter,  that  they  are  numerous.  —  The  two  following  depend  upon 
the  relative  length  of  the  stamens,  namely, 

14.  DiDTNAMiA,  including  those  with  two  long  and  two  short 

stamens  (Fig.  407)  ;  and 

15.  Tetradtnamia,  those  with  four  long  and  two  short  sta* 

mens,  as  in  Cruciferous  flowers  (Fig.  406). 
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993.  Their  names  are  Greek  deriyatives,  signifying  in  the  former 
that  two  stamens,  and  in  the  latter  that  four  stamens,  are  most  pow- 
erfuL  —  The  four  succeeding  ar6  founded  on  the  connection  of  the 
stamens: — 

16.  MoNADELFHiA  (meaning  a  single  fraternity),  with  the 

filaments  united  in  a  single  set^  tube,  or  column,  as  in 
all  the  Mallow  Family,  &c 

17.  DiADELPHiA  (two  fraternities),  with  the  filaments  united 

in  two  sets  or  parcels. 

18.  PoLYADELPHiA  (many  fraternities),  with  the  filaments 

united  in  more  tlian  two  sets  or  parcels. 

19.  Syngenesia  (from  Greek  words  signifying  to  grow  to- 

gether), with  the  anthers  united  in  a  ring  or  tube,  as  in 
all  Compositas  (844), 

994.  The  next-  class,  as  its  name  aenoteSy  is  founded  on  the  union 
of  the  stamens  to.  the  style:  — 

20.  Gynandria,  with  the  stamens  and  styles  consolidated,  as 

in  the  Orchis  Family  (Fig.  468). 

995ft  In  'the  three  following  classes,  the  stamens  and  pistils  are 
found  in  separate  blossoms :  > — 

21.  MoNCBCiA  (one  household)  includes  all  plants  where  the 

•  stamens  and  pistils  are  in  separate  flowers  on  the  same 
.  individual ;  as  in  the  Oak,  &c. 

22.  Dkecia  (two  households),  where  they  occupy  separate 

flowers  on  diflerent  individuals  ;  as  in  the  Willow,  Pop- 
lar, Moonseed  (Fig.  413,  414),  &c 

23.  PoLYGAMiA,  where  the  stamens  and  pistils  are  separate 

in  some  flowers  and  united  in  others,  either  on  the 
same,  or  two  or  three  difierent  plants;  as  in  most 
Maples. 

996.  The  only  remaining  class, 

24.  Cbyptogamia,  is  inferred  to  have  concealed  stamens  and 

pistils  (as  the  name  imports),  or  the  analogues  of  thess 
..  organs,  jmd  includes  the  Ferns,  Mosses,  Lichens,  &C., 
which  are  now  commonly  termed  Cryptogamous  or  Flow-, 
eiiess  Plants  (651). 

997.  The  characters  of  the  classes  may  be  presented  at  a  single 
view,  as  in  the  subjoined  analysis :  -^ 
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998.  The  orders,  in  the  first  thirteen  classes  of  the  Linnsan  ar- 
tificial system,  depend  on  the  number  of  styles,  or  of  the  stigmas 
when  the  styles  are  wanting ;  and  are  named  by  Greek  numerals 
prefixed  to  the  word  gytiicty  used  metaphorically  for  pistil,  as 
follows :  — 

Order  1.  Monogynia  embraces  all  plants  of  any  of  the  first  thir- 
teen classes,  with  one  style  to  each  flower. 
2.  DiOYNiA  embraces  those  with  two  styles. 
8.  Trioynia,  those  with  three  styles. 

4.  Tbtragynia,  those  with  four  styles. 

5.  Pentagynia,  those  with  five  styles. 

6.  Hrxagynia,  those  with  six  styles. 

7.  Heptagynia,  those  with  seven  styles. 

8.  OcTOGYNiA,  those  with  eight  styles. 

9.  Enneagykia,  those  with  nine  styles. 

10.  Decagynia,  those  with  ten  styles. 

11.  Dodecagynia,  those  with  eleven  or  twelve  styles. 

12.  PoLYGYNiA,  those  with  more  than  twelve  styles. 

999.  The  orders  of  class  14,  Didjrnamia,  are  only  two ;  namely, 

-    1.  Gymnospermia,  meaning  seeds  naked,  the  achenia-like 
fruits  having  been  taken  for  naked  seeds. 
2.  Angiospermia,  with  the  seeds  evidently  in  a  seed-vessel 
or  pericarp. 

1000.  The  15th  class,  Tetradjmamia,  is  also  divided  into  two  or- 
ders, which  are  distinguished  merely  by  the  form  of  the  pod :  — 

1.  SiLicuLOSA;  the  fruit  a  silicic  (621),  or  short  pod. 

2.  SiLiQUOSA ;  fruit  a  silique  (620),  or  more  or  less  elon- 

gated pod. 

1001.  The  orders  of  the  16th,  17th,  18th,  20th,  21st,  and  22d 
classes  depend  merely  on  the  number  of  stamens ;  that  is,  on  the 
characters  of  the  first  thirteen  classes,  whose  names  they  likewise 
bear:  thus, 

CMer  1.  MoNAin>RiA,  with  one  stamen  'f,  2.  Diandria,  with  two 
stamens ;  and  so  on. 

1002.  The  orders  of  the  19th  class,^  Syngenesia,  are  six  j  namely, 

1.  PoLYGAMiA  iBQUALis,  where  the  flowers  arc  in  heads 
(compound  flower,  894),  and  all  perfbctr 
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2.  PoLTOAMiA  sorPERFLUAf  the  finme  as  the  last,  except  that 
the  rays,  or  marginal  flowers  of  the  head,  are  pistillate 
only. 

8.  PoLYOAinA  FBUSTBAifEA,  those  wlth  the  marginal  flowers 
neutral  (Fig.  824,  825),  the  others  perfect. 

4.  PoLYGAHiA  KBCESSARiA,  where  the  marginal  flowers  are 

pistillate  and  fertile,  and  the  central,  staminate   and 
sterile. 

5.  PoLTGAMiA  SEGREOATA,  where  cach  flower  of  the  head 

has  its  own  proper  involucre. 
6*  MoNOGAMiA,  where  solitary  flowers  (that  is,  not  united 
into  a  head)  have  united  anthers,  as  in  Lobelia. 

1008.  The  23d  class,  Polygamia,  has  three  orders,  founded  on  the 
characters  of  the  two  preceding  classes ;  namely, 

1.  MoNCECiA,  where  both  separated  and  perfect  flowers  are 

founded  in  the  same  individuaL 

2.  DiCECiA,  where  they  occupy  diflerent  indiyiduals. 

8.  Trkecia,  where  one  individual  bears  the  perfect,  another 
the  staminate,  and  a  third  the  pistillate  flowers. 

1004.  The  orders  of  the  24th  class,  Cryptogamia,  are  natural  or- 
ders, and  therefore  not  definable  by  a  single  character.    They  are, 

1.  FiLiCES,  the  Ferns. 

2.  Musci,  the  Mosses. 

8.  AlqMj  which,  as  left  by  Linnaeus,  comprised  the  Hepaticsd, 

Lichens,  &c.,  as  well  as  the  Seaweeds. 
4.  Fungi,  Mushrooms,  &c. 


APPENDIX. 


Ot  THX  SlOirg  AHB  ABBSYIATIOVt  XMPLOTXD  XV  BOTAHICAL  WsiTIVOt. 

LiNXiEUS  adopted  the  foUowing  ngiis  for  deaignating  the  duratidn  of  a 
plant,  viz. :  — • 
^  An  annual  plant        .    ' 
^  A  biennial  plant. 
J^f  A  perennial  herb. 
I2  A  shrub  or  tree. 

Among  the  ngns  recentlj  introduced,  the  following  have  oome  into 
general  use :  — 

0  A  monocaipic  (onoe>fbweiing)  plant,  whether  annual  or  biennial 
Q  An  annual  plant. 

(^  A  Inennial  plant. 

2^  A  perennial  herb. 

I2  A  plant  with  a  woodjr  stem. 

^  A  staminate  flower,  or  plant 

9  A  pistillate  flower,  or  plaut 

$  A  perfect  flower,  or  a  plant  bearing  perfect  ^owen. 

1  The  exclapiation  point  is  employed  as  the  counterpart  of  the  note  of 
interrogation.  When  it  follows  the  name  of  an  author  appended  to 
the  name  of  a  plant,  it  imports  that  an  authentic  specimen  of  the 
plant  in  question,  under  this  name,  has  been  examined  bj  the  writer : 
when  it  is  appended  to  a  locality,  it  signifies  that  the  writer  has  seen  or 
collected  specimens  of  the  plant  from  that  locality,  &c 

.    ?  The  note  of  interrogation  is  employed  to  denote  doubt  or  uncertidn- 
ty ;  and  is.  affixed  either  to  a  generic  or  specific  name,  or  to  that  of  an 
author  or  locality  cited. 
*  As  used  by  De  CandoiUe,  indicates  that  a  good  description  is  found  at 
the  reference  to  which  it  is  appendedr    It  is  not  in  common  use. 
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Tho0e  abbreviations  of  the  names  of  oi^ns  which  are  commonly  em- 
ployed, such  as  Cat,  for  calyx,  Cor,  for  corolla,  FL  for  flower,  Fr.  for 
fruit.  Gen,  for  genus,  Hab,  for  habitat.  Herb,  for  herbarium,  Hort,  for 
garden,  Mus,  for  Museum,  Ord,  for  order.  Rod,  (Badix)  for  root,  Syn.  for 
synonymy,  Sp.  or  Spec,  for  species,  Var,  for  varietj',  &c.,  scarcely  require 
explanation. 

y.  sp.  denotes,  in  general  terms,  that  the  writer  has  seen  the  plant  under 

consideration. 
V.  s.  c.  (Vidi  siccam  <;uUam),  that  a  dried  specunen  of  a  cultivated  plant 

has  been  examined. 
V.  s.  s.  ( Vidi  siccam  spontaneam),  that  a  dried  specimen  of  the  wild 

plant  has  been  examined. 
y.  v.  c.  ( Vidi  vivam  cuUam),  that  the  living  cultivated  plant  has  been 

under  examination. 
y.  V.  s.  (Vidi  vivam  spontatkeam),  that  the  wild  plant  has  been  examined 
in  a  living  state. 

The  names  of  authors,  when  of  more  than  one  syllable,  are  conunonly 
abridged  by  writing  the  first  syllable,  and  the  first  letter  or  the  first  con- 
sonant of  the  second.  Thus,  Linn,,  or  Z.,  is  the  customary  abbre\iation 
for  Linnaeus ;  Juss.  for  Jussieu ;  Willd,  for  Willdenow ;  MM,  for  Muh- 
lenberg; Michx,  for  Michaux;  Rich,  for  Richard;  De  Cand.,  or  DC.j 
for  DeCandoUe;  Hook,  for  Hooker;  Endl,  for  Endlicher;  LindL  for 
Lindley,  &c. 

Op  Collecting  and  P&eserying  Plants. 

1.  The  botanist's  collection  of  specimens  of  plants,  preserved  by  drying 
under  pressure  between  folds  of  paper,  is  termed  a  Hortus  Siccus,  or  com- 
monly an  Herbarium, 

2.  A  complete  specimen  consists  of  one  or  more  shoots,  bearing  the 
leaves,  flowers,  and  fruit ;  and,  in  case  of  herbaceous  plants,  a  portion  of 
the  root  is  also  dearable. 

8.  Fruits  and  seeds  which  are  too  large  to  accompany  the  dried  speci- 
mens, or  which  would  be  injured  by  compression  with  sections  of  wood, 
&c.,  should  be  separately  preserved  in  cabinets. 

4.  Specimens  for  the  herbarium  should  be  gathered,  if  possible,  in  a  dry 
day ;  and  carried  eitlier  in  a  close  tin  box,  as  is  the  common  practice,  or 
in  a  strong  portfolio,  containing  a  quire  or  more  of  firm  paper,  with  a  few 
loose  sheets  of  blotting-paper  to  receive  delicate  plants.  They  are*  to 
be  dried  under  strong  pressure,  (but  without  crushing  the  parts,)  between 
dryers  composed  of  sisc  to  ten  thicknesses  of  bibulous  paper ;  which  should 
be  changed  daily,  or  even  more  frequentiy,  until  all  the  moisture  is  ex- 
tracted from  the  plants ;— a  period  which  varies  in  different  species,  and 
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with  the  season,  from  two  or  three  days  to  a  week.  All  delicate  speci- 
mens should  be  laid  in  folded  sheets^  of  thin  and  smooth  bibulous  paper 
(such  as  tea-paper),  and  such  sheets,  filled  with  the  freshly  gathered 
specimens,  are  to  be  placed  between  the  dryers,  and  so  transferred  entire, 
day  after  day,  into  new  dryers,  without  being  disturbed,  until  perfectly 
dry.  This  preserves  all  delicate  flowers  better  than  the  ordinary  mode  of 
shifting  of  the  papers  which  are  in  immediate  contact  with  the  specimens, 
and  also  saves  much  time  usually  lost  in  ti^ansferring  numerous  small 
specimens,  one  by  one,  into  dry  paper,  often  to  the  great  injury  of  the  deli- 
cate corolla,  &c. 

5.  The  dried  specimens,  properly  ticketed  with  the  name,  locality,  &c., 
and  arranged  under  their  respective  genera  and  orders,  are  preserved  in 
the  herbarium,  either  in  separate  double  sheets,  or  with  each  species  at- 
tached by  glue  or  otherwise  to  a  half-sheet  of  strong  white  paper,  with  the 
name  written  on  one  comer.  These  are  collected  in  folios,  or  else  lie  flat 
(as  is  the  best  mode)  in  parcels  of  convenient  size,  received  into  compart- 
ments of  a  cabinet,  with  close  doors,  and  kept  in  a  perfectly  dry  place. 

6.  The  seeds  of  plants  intended  for  cultivation,  which  are  to  be  trans- 
ported to  a  distance  before  being  committed  to  the  earth,  should  first  be 
dried  in  the  sun,  wrapped  in  coarse  paper,  and  preserved  in  a  dry  state. 
They  should  not  be  packed  in  close  boxes,  at  least  so  long  as  there  is  dan- 
ger of  the  retention  of  moisture. 

7.  Roots,  shrubs,  &c.,  designed  for  cultivation,  should  be  taken  from  the 
ground  at  the  close  of  their  annual  vegetation,  or  early  in  the  spring  before 
growth  recommences,  and  packed  in  successive  layers  of  slightly  damp  (but 
not  wet)  Peat-moss  (Sphagnum).  Succulent  plants,  however,  such  as 
Cacti,  may  be  packed  in  dry  sand. 

8.  Plants  in  a  growing  state  can  only  be  safely  transported  to  a  consider- 
able distance,  especially  by  sea,  in  the  closely  glazed  cases  invented  by  Mr. 
Ward ;  *  where  they  are  provided  with  the  requisite  moisture,  while  they 
are  sufficiently  exposed  to  the  light 
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*  On  the  Growth  of  Plants  in  Closely  GUzed  Cases,  by  N.  B.  Ward,  F.  L.  S., 
London,  1842.— Ed.  2,  1853. 
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Ay  priyatiTe,  as  the  initial  in  many 
Words  of  Gredc  derivation,  signifies 
ilie  absence  of  the  organ  men- 
tioned ;  as,  apetaloaSf  destitute  of 
petals ;  .  aphyllons,  leafless.  In 
words  beginning  with  a  vowel  this 
prefix  is  chang^  to  an ;  as,  anan- 
thoos,  fiowerless;  anantherons,  des- 
titute of  anthers. 

Abbreviations.  The  customary  ones 
are  mentioned  on  p.  518. 

Aberrant  (wandering) :  applied  to  spe- 
cies, genera,  &c.  wnich  differ  in 
some  respect  from  the  usual  or  nor- 
mal character  of  the  group  they 
belong  to. 

Abietinese,  480. 

AbnormcU :  differing  from  the  normal  or 
usual  structure. 

Aboriginal:  strictly  native ;  indigenous. 

Abortion :  the  non-formation  or  imper- 
fect formation  of  an  organ,  255. 

Abortive  organs,  258. 

Abrupt :  terminating  suddenly. 

Abruptly  pinnate,  163,  fig.  290. 

Absorption,  80. 

Acanthaceie,  447. 

Acantlufdadous :  with  spiny  branches. 

Acantkdphorous :  spine-bearing. 

Acaulesoent:  stemless,  or  apparently  so, 
i.  e.  without  a  proper  caulis;  91. 

Accessory:  something  additional. 

Accessory  buds,  98. 

Accessory  fruitSy  818. 

Accrescent :  increasing  in  size  after  flow- 
erings as  the  calyx  of  Bhysalis. 
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Accrete:  grown  together. 

Acctimbent:    lying  against,    especially 

edgewise   against  another  body; 

.326,  390,  fig.  700. 
Acephalous:  headless. 
Aceracese,  or  Acerinese,  410. 
Acerose :  needle-shaped,  like  the  leaves 

of  Pines,  &c. ;  166,  fig.  212,  213. 
Acetdbulijbrm  or  acetabulous:    saucer- 

■shaped. 
Achenium   (pi.  OiAenia):   a  one-seeded 

seed-like  fruit;  313,  fig.  566-573. 
Achlamydeous :  destitute  of  calyx  and 

corolla,  261. 
Acids,  56,  195. 
Acicular:    slender    needle-shaped   or 

bristle-shaped. 
Acies :  the  edge  of  a  thing. 
Acindciform :     scymitar-shaped,      like 

some  bean-pods. 
Actnes  (dcini) :  the  separate  grains  or 

carpels  of  an  aggregate  fieshy  fruit, 

like  the  raspberry,  as  the  term  is 

now  generally  used ;  classically,  the 

dcinus  meant  the  whole  bunch  of 

such  fruits. 
AcatyUdonous :  destitute  of  cotylodons. 
Acrdbryous.:   budding  from  the  apex 

only ;  same  as 
Acrdgenous:   growing  from  the  apex, 

370. 
Acrogens,  Acrdgenous  plants,  370, 499. 
Acramphtbryous :    growing    from,  both 

ends  and  over  the  surface. 
Acdleate :  prickly ;  beset  with  prickles 

(acdet) ;  52. 
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AcUleolate :  diminative  of  the  last :  i.  e. 
beset  with  small  or  few  prickles. 

Aaiminate :  ending  in  a  narrowed  or 
prolonged  and  tapering  point ;  1 62, 
fig.  268,  239. 

Acuiangalar :  sharp-angled ;  as  the 
stems  of  Scirpus  pungcns.       *     *' 

Acute :  merely  sharp-pointed ;  ending 
by  an  acute  angle ;  162,  fig.  269. 

Adelphoui  (stamens) :  joined  by  Uieir 
filaments  or  clusteied  into  a  brother* 
hood  (ad^phia). 

Adherent:  sticking  to,  or,  commonly, 
growing  fast  to,  another  body,  252. 

Adnate:  grown  fast  to,  or  formed  in 
union  with,  another  body,  as  the 
calyx-tube  of  the  Grooseberry  and 
Cranberry  (fig.  391)  to  the  ovary, 
'251,  252.  Attached  by  its  whole 
length,  as  the  anther  of  Lirioden- 
dron,  282,  fig.  470,  and  of  Asarum, 
fig.  472. 

Adnation :  the  anion  of  heterogeneous 
parts,  2.50. 

Adpressed^  or  appretued:  brought  into 
contact  or  nearly,  but  not  united. 

Acbcendentf  or  ascending :  rising  gradu- 
ally upwards,  102. 

A  dswyent,  or  assurgent :  rising  upwards 

Adventitious,  advenCoe:  found  out  of 
the  natural  place. 

Adventitious  buds,  82,  98. 

Equilateral:  equal-sided;  opposed  to 
oblique. 

Aerial :  growing  in  the  air. 

Aerial  roots,  85. 

Aerophyte :  same  as  Air-plant. 

Estival:  relating  to  summer. 

Estivation  ;  arrangement  of  floral  or- 
gans in  the  bud,  269. 

Affinity :  true  and  near  relationship  ; 
i.  e.  species  haye  affinity  when  they 
resemble  each  other  in  their  prin- 
cipal points  of  structure,  or,  in  other 
words,  are  constructed  throughout 
upon  the  same  particular  plan  or 
.     type.     (See  Amuogy.) 

Agamous  or  Agdmic :  destitute  of  sexes. 

Agglomerate  or  aggregate:  heaped  or 
crowded  into  a  cluster. 

Aggregate  fruits,  317. 

Air-cells^  air-passages,  50. 

Air-plants,  87. 

Akenium  or  akene :  see  acheniunu 

Ala  (pi.  alos) :  a  wing  ;  the  side  petals 
of  a  papilionaceous  flower;  253, 
fig.  392,  6. 

Alabdstrum :  a  flower-bud. 

Alar ;  borne  in  the  forks  of  a  stem. 

Alate:  winged  ;  i.  e.  furnished  with  any 
broad  and  thin  adherent  appendage, 
as  the  seeds  of  Trumpet  Creeper, 


fig.  601,  the  leafstalks  of  the  Or« 
ange,  Rhus  Copallina,  &c ,  and 
the  stefai  of  the  common  Thistle. 

Alheacent :  whitened,  or  hoary-white. 

Albumen,  a  vegetable  product,  198. 

Albumen  of  the  seed,  76,  322. 

Albuminous  (seeds)  :  furnished  with 
albumen,  323. 

ABntmum:  sap  wood,  126. 

Algse,  509. 

Algology :  the  science  relating  to  Algas. 

Aiismac^sB,  487. 

Alkaloids,  57. 

Alliaceous:  like  the  garlic  or  onion. 

Alliances  :  natural  groups  of  nearly  re- 
lated orders,  374. 

Allspice,  418. 

Almond,  415,  417. 

Alpine:  growing  on  the  higher  parts 
of  the  Alps,  and  in  general  on 
mountains  aboye  the  limits  of  trees. 

Aloes,  493. 

Alsinese,  395. 

Alttfmate  (leaves) :  situated  one  after 
another,  78,  97,  133.  Petals,  sta- 
mens, &c.  are  said  to  alternate  with 
adjacent  oi^ns,  when  they  stand 
over  the  intervals  between  them, 
235. 

Alternation  of  parts,  235. 

Alveolate:  honeycombed;  having  deep 
angular  cavities  separated  by  thin 
partitions,  as  the  receptacle  of  Cot- 
ton-Thistle, fig.  898. 

Amarantaceae,  465. 

Amaryllidacese,  491. 

Ament :  a  catkin ;  a  peculiar  scaly  spike ; 
213,  fig.  312. 

Amentaceous :  resembling  or  bearing  cat- 
kins. 

Amnios :  the  embryo-sac,  304. 

Amorphous :  shapeless,  i.  e.  of  no  defi- 
nite or  regular  form. 

Amphibryous:  growing  by  additions 
over  the  whole  periphery. 

Amphicdrpous,  or  amphicdrpic  .*•  produc- 
.  ing  two  kinds  of  fruit ;  as  in  the 
genus  Amphicarpsea,  so  named  on 
this  account 

Amphigastria :  the  peculiar  stipule-like 
leaves  of  certain  Hepaticse,  504. 

AmphUropous,  or  amphUropai,  ovule  or 
seed,  300,  fig.  528. 

Amplectant:  embracing. 

AmpUxicaul  (leaves,  &c.) :  clasping  the 
stem  by  a  broad  base  or  insertion. 

Ampulldceous :  shaped  like  an  ampulla 
or  flask-shaped  vessel ;  swelling  out 
at  the  base  or  middle. 

Amygd^ese,  415. 

Amylaceous:  composed  of  starch  (dmy- 
lum),  or  resembling  starch. 
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Amyloid,  55. 

Amyridaceae,  407. 

Anacardiaces,  406. 

Analogy:  resemblance  in  certain  re- 
spects. As  distinguished  from  af- 
Jimty  it  means  resemblance  in  cer- 
tain respects  on/y,  not  in  the  whole 
plan  of  structnre.  Thas  a  Ranun- 
culus is  analogous  to  a  Potentilla, 
but  there  is  no  near  affinity  or  re- 
lationship between  the  two.  And 
the  tendril  of  a  Pea,  that  of  a  Smi- 
lax,  and  that  of  the  Grape- Vine  are 
analogues^  i.  e.  are  analogous  organs, 
bnt  are  not  homologues ;  for  the  first 
answers  to  a  leaf,  the  second  to 
stipules,  and  the  third  to  a  stem. 
The  spur  of  a  Larkspur  (fig.  898) 
is  analogous  to  one  of  the  five  spurs 
of  Columbine  (fig.  646),  but  not 
homologous  with  it,  for  the  first  is 
a  sepal,  and  the  second  a  petal. 

Andndrous:  destitute  of  stamens. 

Andntherous  :  destitute  of  anthers. 

Anandious :  without  flowers. 

Anastomosing :  connected  by  cross 
branches  into  a  network,  as  the 
veins  of  animals,  and  the  so-called 
veins  of  reticulated  leaves,  49,  54. 

An^ropous J  or andtropal,  seeds  or  ovules, 
299,  fig.  529. 

Anc(pital:  with  two  edges,  as  the  stem 
of  Sisyrinchlum  anceps. 

Andnkcium:  the  stamens  of  a  flower, 
taken  as  a  whole,  223. 

Andrdggnous :  bearing  both  stamens  and 
pistils  in  separate  flowers  of  the 
same  inflorescence. 

Androphore:  a  column  of  united  stamens, 
or  any  support  on  which  the  sta- 
mens are  raised. 

Androus,  in  words  of  Greek  derivation, 
refers  to  the  stamens :  see  dian- 
,     drouSf  &c. 

Androspores,  335. 

Anfrdciuose  or  anfractuous :  abruptly  bent 
hither  and  thither,  as  the  stamens 
of  Melon,  fig.  467. 

Angiospermia,  515. 

Angiospdrmous  (An^ospermee,  Angio- 
sperms) :  producing  seeds  in  a  peri- 
carp, 371,  375. 

Angostura  bark,  406. 

Angular  divergence  of  leaves,  135. 

Anise,  426. 

Anisdmerous  (flower) :  of  unequal  num- 
ber in  the  different  circles ;  unsym- 
metrical. 

AnisophyUous :  unequal-leaved,  as  when 
the  two  leaves  of  the  same  pair  are 
of  unequal  size. 

Anisostdmonous :  when  the  number  of 


the  stamens  is  different  from  that 
of  the  petals. 

Annual:  lasting  not  above  one  year  or 
one  season,  83. 

Annular :  in  the  form  of  a  ring. 

Annular  ducts,  46. 

Annulate :  marked  with  rings  or  circn- 
.     lar  transverse  lines. 

Annulus:  the  ring  of  the  spore-case  of 
true  Ferns,  501,  fig.  1289  :  that  of 
the  mouth  of  the  spore-case  or  cap4 
sule  of  Mosses,  503,  fig.  1304. 

Anonacee,  382. 

Anophytes  (top-growing  plants,  of  the 
same  meaning  as  Acrogens  ?),  370, 
502. 

Antepositionf  248. 

Anterior:  as  to  position  in  the  flow- 
er, on  the  side  next  the  bract,  237. 

Anther :  the  pollen-bearing  part  of  a  sta- 
men, 223,  281. 

ArUkeridium  (plural,  antheridia),  334, 
502. 

Antherfferous :  anther-bearing. 

A'nthesis :  the  time  when  the  flower  opens 
and  performs  its  functions,  or  the 
act  of  expansion  in  a  flower,  271. 

AnthocdrfHms  fruits,  318. 

AuthocerotcsB,  504. 

Anthddiwn :  a  technical  name  for  the 
capitulum  or  head  of  flowers  of  a 
plant  of  the  order  CompositsB. 

Anthdlysis :  the  retrograde  metamorpho- 
sis  of  a  flower. 

Anthophore :  the  stalk  or  intemode  which 
is  sometimes  developed  between  the 
calyx  and  the  corolla,  as  in  Silene, 
.     267,  fig.  432. 

Anticous :  anterior,  or  facing  forwards. 

Ant(trojx>uSf  or  antHropal:  (reversed;) 
a])plied  to  the  embryo,  it  means  one 
with  the  radicle  pointing  away 
fram  the  hilnm,  as  m  fig.  600  and 
fig.  606. 

Afitrdise :  directed  upwards  or  forwards. 

Apdtalous :  destitute  of  petals  or  corolla, 
260. 

Aphyllous :  destitute  of  leaves,  at  least 
,     in  the  form  of  foliage. 

Apical :  relating  to  the  apex. 

Apfculate :  terminating  in  an  abrupt 
short  point"  or  tip. 

Apocdrpous  pistils  :  those  not  united  into 
one  body  or  compound  pistil,  290. 

Apocvnaceae,  457. 

Apdphysis:  any  irregular  enlargement, 
like  that  of  the  spore-case  of  Splach- 
num  and  some  other  Mosses,  503. 

Apothecium :  the  shield  or  shield-shaped 
fructification  of  most  Lichens,  506. 

Appendix,  appendage:  any  superadded 
part. 
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Appendievlate:  hAriog  an  q>pendage. 

Apple,  416. 

ApprtM$rd:  Ijing  flat  against,  or  cUmo- 
pressed  together. 

Apricot,  417. 

Apterous :  wingless ;  haying  no  dilated 
border  or  appendages. 

Aquatic:  living  in  water,  either  sub- 
mersed or  raised  partly  out  of  iL 

AqttifoItace«,  44S. 

A.racesB,  or  Aroide«B,485. 

Ardchnoidf  or  drenou:  cobwebby,  i.  e. 
with  entangled  slender  hairs  look- 
ing like  cobweb. 

AraliacesB,  427. 

ArbcreouB^  arbortfcent :  tree-like,  in  size 
or  appearance,  101. 

Ar(^eg(fnium  (pi.  orcAeTtmui) :  the  ana- 
logue in  Mosses  of  the  pistil. 

Arcuate:  curved  like  a  bent  bow. 

An^,  pi.  areola:  spaces  mariLed  out 
on  a  surfoce. 

ArMite:  marked  out  into  defimte 
spaces. 

Arhizal:  destitute  of  root 

Arilf  ariUua :  an  accessory-  covering  or 
appendafi;e  of  a  seed  formed  bj  a 
growth  tram  the  funiculus,  hilum, 
or  placenta  after  the  completion  of 
tiie  ovule,  321,  fi^.  603. 

ArittaU :  furnished  with  an  arillus. 

AriUode :  a  false  aril,  or  covering  of  the 
seed  appearing  like  an  aril. 

AristatB :  furnished  with  an  awn  (arista). 

Aristolochiaceie,  462. 

Amatto,  392. 

Arr^ct:  pointing  upwards. 

Arrowroot,  481,  490. 

Arrouhskapedf  or  arroio-headed :  see  Sa- 
gittate ;  fig.  252. 

Artidiokes,  437. 

Articulated:  jointed,  L  e.  separating  bj 
an  articulaticn  or  joint,  as  most 
leaves  from  the  stem  in  autumn, 
or  having  the  appearance  of  a  joint, 
92,'163,  173. 

Artificial  classification,  365,  511. 

Artocarpes,  474. 

Ascending:  rising  obliquely  upwards, 
102. 

Ascending  axis^  72,  91. 

Asci:  the  spore-cases  of  certain  Lichens 
and  Fungi,  506,  507. 

Asddium :  a  pitcher-shaped  or  sac* 
shaped  leaf,  169^ 

Asclepiadacese,  458. 

Ashes  of  plants,  58,  174, 186. 

AspergilUfarm :  shaped  like  an  aspergiU 
lus^  or  brush  used  to  sprinkle  holy 
water,  as  the  stigmas  of  most 
Grasses. 

Assafeetida,  427. 


Assimilation,  19,  21,  61,  177,  190. 

Assurgent :  same  as  ascending. 

Atropous  or  dtropal  (ovules) :  same  as 
orthotropons,  298. 

Attar  of  Roses,  417. 

Attenuate :  tapering  gradaally  to  a  thin 
or  narrow  extremity. 

'Augmentation  of  parts,  242. 

Aurantiacese,  401. 

Auriculate:  eared;  furnished  with  au- 
ricles or  small  lobes  at  the  base. 

Automatic  movements,  347. 

Ava,  469. 

Avocado  Pear,  467. 

Aud-shaped:  narrow  and  terete,  or  near- 
ly so,  and  tapering  to  a  point; 
166. 

Awn :  a  bristle-shaped  appendage,  like 
the  beard  of  Barley,  &c. 

Atoned :  see  Aristate. 

Axil  {euciUat  the  armpit) :  the  angle  be- 
tween a  leaf  and  the  stem,  on  the 
upper  side,  97. 

Axikf  or  dxial :  belonging  to  the  axis, 
.     292. 

Axillarg:  belonging  to  or  growing  in 
the  axil. 

Axillarv  buds,  &c.^  97,  210. 

Axis :  tne  stem  and  root,  67,  72 ;  the 
central  line  of  any  body,  as  the 

Axis  of  inflorescence,  211. 

Baccate :  berry-like ;  of  a  fleshy  or  pulpy 

texture  like  a  berry  (bacoa),  311. 
Balm  of  Gilead,  &c.,  407. 
Balsams,  145,  407,  414,  480. 
Balsamifluse,  425. 
Balsaminacese,  403. 
Banner :  same  as  vexillum,  253. 
Bdrbate :  bearded ;  bearing  tufts,  spots, 

or  lines  of  hairs. 
Bdrbdhte:  beset  with  short  and  stiff 

hairs,  like  the  pappus  of  Liatris 

spicata,  &c. 
Barb^lidate :  a  diminutive  of  the  last 
Barberry,  384. 
Bark,  120,  126. 
Barley,  498. 
Basal:  belonging  or  relating  to  the 

base  of  an  oiigan. 
BasellacesB,  464. 
Basidia:  cells  of  the  fructification  of 

Mushrooms,  &c.,  which  bear  the 

spores,  507. 
Bdsijixed:  attached  by  the  base. 
Bdsilar :  seated  on  the  base  of  anything. 
Bassorin,  55. 
Bastf  or  bass,  400 :  hast-cdls  or  tissue, 

44,  120. 
BaueriesB,  425. 
Bayberry,  477. 
Bdellium,  407. 
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Beaked:  ending  in  a  prolonged  narrow 

tip. 
Bearded:  beset  with  hairs,  especially 

stiiF  or  long  hairs.    Beard  is  some- 
times nsed  for  atvn. 
BeUshaped :  having  the  shape  of  a  bell ; 

277,  fig.  456. 
Benzoic  Acid,  Benzoin,  443. 
Berberidaceae,  d84. 
Bergamot,  401. 
Beny :  a  fruit  fleshy  or  pnlpy  throvgh- 

oat,  311. 
Betel,  469. 
Betalaceae,  477. 
Bi'  (or  bis),  as  a  prefix,  means  twice,  as 

in  the  following : 
BiacHminaU :  two-pointed. 
Biartictdat€ :  two-jointed. 
Biauriculate :  two-eared. 
Bibrdcteate :  with  two  bracts. 
Bibrdcteolate  :  with  two  bractlets. 
BicdUose :  bearing  two  callosities  or  lit- 
tle protuberances. 
BidpiUu :  having  two  stalks  or  legs,  as 

the  keel  of  a  papilionaceous  corolla, 

fig.  392. 
Bicdnjugate :  twice-paired,  as  when  the 

petiole  of  a  compound  leaf  forks 

twice. 
Bicornute:  two-homed. 
Bid€niate :  having  two  teeth  (not  twice 

dentate  or  doubly  toothed). 
Biennial:  lasting  more  than  one  year, 

but  not  more  than  two  years,  83. 
Bifarioua :  two-ranked ;  arranged  in  two 

vertical  rows. 
Bfjid :  two-cleft  to  the  middle  or  there- 
abouts, 159. 
Biflorwa:  two-flowered. 
Bifdiate:  two-leaved. 
BipHiolaie:  of  two  leaflets. 
Bifvrcate:   two-forked,  or,  sometimes, 

twice-forkedi 
Big^minate:  twice-paired. 
Bigener :  a  hybrid  between  two  plants 

of  different  genera. 
Bignoniaceee,  447. 
Bijugate :  a  pinnate  leaf  with  two  pairs 

of  leaflets 
Bildbiate:  two-lipped,  ^55,  258,  278. 
Bildmeilate,  or  bUdmeUar  :  of  two  plates 

or  lain^Um, 
Bilberry,  439. 

Bildbdte,  or  bilobed:  two-lobed,  159. 
BiUkvlar:  twoH^elled. 
Binary :  the  parts  in  twos,  239. 
BimUe :  in  twos  ;  produced  or  borne  in 

pairs,  164. 
Binomial  nomenclature  (of  two  names), 

363. 
Bipartite:  two-parted. 
Btii{nnnte:   doubly  or  twice  pinnate; 

164,  fig.  282. 


Bipinnatdu:  twice  pinnately,  161. 

Bipifuidtifid:  doubly  or  twice  pinnati- 
fid;  161,  fig.  280. 

Bipitmdtitect :  twice>pinnately  divided, 
161. 

Bipiicate :  twice  folded,  or  having  two 
folds. 

Bipffroae :  opening  by  two  small  holes 
or  pores,  fig.  474. 

Biradiate  :  consisting  of  two  m-yft. 

Birdlime,  469. 

BirittiMe :  opening  by  two  slits,  as  do 
most  anthers,  fig.  473. 

Bis^ptate :  having  two  partitions. 

Biatrial f  or  bis^riate:  occupying  two 
rows,  one  within  or  above  the  other. 

Bisirrate :  doubly  serrate,  i.  e.  the  teeth 
themselves  serrate. 

Bisexual :  having  both  stamens  and  pis* 
tils,  261. 

Bisulcate :  having  two  farrows. 

BiUfmate:  twice  ternate;  i.  e.  divided 
into  three  parts,  and  these  again 
into  three ;  164,  fig.  284. 

Blackberry,  416. 

Bladdery :  thin  and  inflated,  like  a  blad- 
der. 

Blade  of  a  loaf,  petal,  &c,  145,  276. 

Bloom,  56,  144. 

Blueberry,  439. 

Boat-shaped:  concave  within  and  con- 
vex (and  often  keeled)  without. 

Bohon-Upas,  475. 

BorraginacesB,  450. 

Bothr^nchyma y  45,  46. 

BrdchiaJU :  with  opposite  branches,  the 
successive  pairs  spreading  at  right 
angles  with  each  other. 

Bract  (Latin,  bracUsa) :  the  leaves  of  an 
inflorescence,  especially  the  leaf 
which  subtends  a  flower,  143,  211. 

Brdeteate :  subtended  by  a  bract 

Brdcteolate :  subtended  by 

Bractlets f  brdrteoles  (Latin,  bract^cs) : 
bracts  of  a  second  order,  &c.,  or 
bracts  on  the  pedicel  or  the  flower- 
stalk,  211. 

Branches,  and  branddets,  97. 

Brazil-wood,  414. 

Bread-fruit,  475. 

Breathing-pores,  52,  150. 

Bristles :  stiff  short  hairs  (52),  or  hair- 
like bodies. 

Brisdy :  beset  with  stiff  bristles. 

BromeliaceiB,  492. 

Brydlogv :  same  as  Muscology. 

Buckwheat,  466. 

Bud:  a  stem  or  branch  in  an  undevel- 
oped state,  93. 

Budding,  100. 

Bud-saSes,  95.  167. 

Buffalo-berry,  468. 
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Bu&:  ft  permanent  bnd  with  fleshy 
fwnles,  mostly  sabterranean,  109. 

Dulbf/trrout :  producing  balbs. 

BuIUHm  :  little  bulbs  above  ground,  109. 

BuUxme^  or  bulbous :  bulb-like  in  shape. 

Bulbo^uber :  same  as  a  corm. 

Bullate :  a  surface  appearing  as  if  blis- 
tered, puckered,  or  bladdery  (from 
buUa,  a  bubble). 

Burmanniacea;,  490. 

BnrseraceiB,  406. 

Bursiculate:  provided  with  pouch-like 
appendages  (bursiculce). 

Butomaoeie,  487. 

Butterflff-ahaped  corolla,  253,  277. 

Butternut,  476. 

BtfMioceom :  composed  of  fine  entangled 
threads  {bifssits,  or  fine  flax). 

ByttneriacesB,  398. 

CabombacesB,  386. 

Cactacese,  421. 

Caducous:  falling  ofl^  at  the  time  of 
expansion,  as  the  calyx  of  the 
Poppy,  279. 

Caesalpincse,  413. 

Cauious:  lavender-colored. 

CoUpHoie,  or  cespiiote :  growing  in  tufts 
or  turfs. 

Cajepnt  oil,  418. 

Calabash,  447. 

Calabash-Nutmeg,  383. 

CalathicUum :  a  name  for  the  head  of 
CompositSB. 

Caldthiform:  cup-shaped. 

Cdlcarate :  bearing  a  spur  {calcar\  278 ; 
as  the  Violet,  fig.  396,  and  Lark- 
spur, fig.  398. 

Cdlceoiate^  or  cdkiform,  slipper-shaped. 

Callitrichacese,  470. 

Callose :  furnished  with  callosities  {colli) 
or  hardened  or  protuberant  spots. 

Culcous:  bald. 

Calycanthaceae,  417. 

Cdlifcine :  relating  to  the  cal3rx. 

Calculate,  or  calkulate :  furnished  with 
an  outer  accessory  calyx  (ccdpculus)^ 
or  set  of  bractlets  resembling  a  ca- 
Ivx,  as  in  Dianthus. 

Calyptra :  the  hood  or  veil  of  the  spore- 
case  of  a  Moss,  503, 504  ;  or  a  body 
like  it,  389. 

Calpptrate :  furnished  with  a  calyptra, 
or  something  like  it. 

Calpptriform :  shaped  like  a  calyptra  or 
candle-extinguisher,  as  the  calyx 
of  Eschscholtzia,  p.  389,  fig.  692. 

Calyx :  the  exterior  floral  envelope,  or 
leaves  of  the  flower,  222,  274. 

Camhium^  CamhinmAayer,  122. 

Cftmelliaceae,  400. 

Cainpanulaceffi,  438. 


Campdnulate :  bell-sha)>ed  ;  277,  fig. 
456. 

Camphor,  400,  467. 

Campylosp^notts :  when  a  seed  or  seed- 
like fruit  is  rolled  up  so  as  to  form 
a  longitudinal  furrow  down  one 
side,  as  that  of  Sweet  Cicely. 

CampyUfti-opous  or  campyliftropcU  ovule  or 
seed,  298,  299,  fig:  527. 

Canada  Balsam,  480. 

CanaUeulaU:  longitudinally  channelled. 

Cdncdlate:  resembling  lattice-work. 

Candleberry,  477. 

Canescent :  whitened  or  hoary  with  fine 
and  close  pubescence. 

Cannabinese,  475. 

CannacesB,  490. 

Caoutchouc,  57,  458,  473,  475. 

Capers,  391. 

CdpiUary^  or  capilldceous :  hair-like. 

Cdpitate :  headed ;  having  a  globular 
apex  like  the  head  of  a  pin ;  or  col- 
lected into  a  head. 

Captiellate :  diminutive  of  capitate. 

CapUulum :  a  head  of  flowers,  as  of 
Clover,  Button-bush,  &c. ;  213,  fig. 
320. 

CapparidacesB,  391 . 

Capr^blate :  furnished  with  tendrils. 

CaprifoliacesB,  431. 

Cdpsular :  relating  to  a 

Capsule :  any  compound  dehiscent  fruit ; 
315,  fig.  582,  583. 

Cardamon,  490. 

Carfna :  a  keel ;  the  two  anterior  petals 
of  a  papilionaceous  flower ;  254, 
fig.  392,  c. 

Cdrinate :  keeled ;  furnished  with  a  pro- 
jecting longitudinal  ridge  along  the 
under  side. 

CaridpsiSf  or  axrydpsis:  a  grain,  314. 

CanieoM:  flesh-colored. 

Camose :  fleshy  in  texture. 

Carpd  (carpellttm  or  carpidium) :  a  sim- 
ple pistil,~or  one  of  the  elements  of 
a  compound  one,  290. 

Cdrpellary  :  pertaining  to  a  carpel. 

Varpo/ogy :  the  department  of  Botany 
that  relates  to  fruits. 

Cdrpophore :  the  stalk  of  a  pistil,  267. 

Carrot,  426. 

Cartilaginous :  tough,  like  cartilage. 

Cdrunds :  an  excrescence  at  the  nilum 
of  certain  seeds,  322. 

CaninculcUfi :  furnished  with  a  carunclfi. 

Caryophyllaceae,  395. 

CaryophyUaceous  (corolla)  :  pink-like, 
276. 

Carydpsis :  a  grain,  314. 

Caseine,  198. 

Cashew,  406. 

Cassava,  472. 
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Ca<«sia-bark,  467. 

Castor-oil,  472. 

(Jastrnte  (stamen)  :  with  no  anther  or 
one  containing  no  pollen. 

CatapetcUous :  where  the  petals  are  unit- 
ed with  each  other  at  the  base  and 
with  the  base  of  the  stamens,  as  in 
the  Mallow  family. 

Catechu,  414. 

(Jat^nuUUe :  composed  of  parts  united 
end  to  end,  like  the  links  of  a  chain. 

Catkin :  see  Anient,  213. 

Caudate :  tailed  or  tail-pointed. 

Caadex,  101. 

Caudicle :  a  little  stalk,  like  that  of  the 
pollen-mass  of  Orchis,  &c.,  fig.  1233 

Ca'descent :  obyiously  having  a  stem. 

CatdicU :  a  little  stem,  or  a  rudimentary 
stem ;  the  radicle,  71. 

Caidine,  or  caulinar :  relating  to  a 

CauUs :  the  main  stem,  91. 

Cayenne  pepper,^  456. 

Cedrelaoeae,  401. 

Cedron,  405. 

CelastracesB,  408. 

Cell :  a  cavity  of  an  anther,  ovary,  &c., 
28  i ,  291.  In  vegetable  anatomy, 
one  of  the  vesicles,  or  elements  of 
which  a  plant  is  composed,  23. 

Cell-formation,  27. 

Ccll<grawth,  30. 

Cell-multiplication,  28. 

Cellular  bark,  or  envelope,  121. 

Cellular  Plants,  68. 

Ce'UiUar  tissue,  or  structure,  23. 

Cellule:  same  as  Cell  (in  veg.  anatomy). 

Cellulose,  27,  192. 

CeltideiB,  474. 

Centrifugal  inflorescence,  218. 
"         radicle,  326. 

CentripetcU  inflorescence,  212. 
"        radicle,  326.     . 

CeratophyllacesB,  470. 

Cereal :  belonging  to  com  or  com- 
plants ;  these  having  been  called 
the  gift  of  Ceres. 

Cernuous:  nodding. 

Chaff:  the  scales  or  bracts  on  the  re- 
ceptacle which  subtend  each  a  flow- 
er in  the  heads  of  many  Composite, 
as  the  Sunflower ;  also  the  glumes, 
&c.  of  Grasses  ;  215,  435. 

Chaffy :  provided  with,  or  of  the  texture 
of  chaff. 

CheUdza:  the  part  of  the  ovule  where 
the  coats,  nucleus,  &c.  are  all  unit- 
ed;  298,  fig.  .•>2l,rf,  526,  c. 

Channelled:  see  Canaliculate. 

CuaracesB,  510. 

C'laracters :  the  essential  marks  distin- 
guisliing  one  species,  genus,  &c. 
from  tlioie  most  resembling  it,  362. 


Chartaceous :  of  the  texture  of  paper  or 
parchment 

Checkerberry,  441. 

ChenopodiacesB,  464. 

Cherry,  417. 

Chestnut,  477. 

ChldrophyU :  leaf-green,  58. 

Cldoidsis :  a  loss  of  color ;  a  reversion 
of  the  petals,  &c.  of  a  blossom  to 
green  leaves. 

Chlorospermcffi,  509. 

Chocolate,  398. 

Chdrisis :  the  division  of  one  organ  into 
two  or  more,  243. 

ChromuU :  the  coloring  matter  of  plants, 
especially  of  petals,  &c. 

Chrysobalanacese,  415. 

Cicatrix :  a  scar  left  by  the  fall  of  a  leaf 
or  other  organ. 

CUia  (sing,  cilium,  the  eyelash) :  hairs  or 
bristles  fringing  the  margin  of  any- 
thing ;  those  of  the  inner  peristome 
of  a  Moss,  502. 

Ciliate :  the  margin  fringed  with  hairs. 

Cinchona,  432. 

CinchoneiB,  432. 

Cin^nchfma,  49. 

Cinereous,  cineraceous:  ash-gray.. 

Cinnamon,  467. 

Circinaie:  involute  from  the  top;  144, 
fig.  219. 

Circulation  in  cells,  31,  178. 

Circumcissilej  or  circwnscissile :  opening 
or  divided  by  a  transverse  circular 
line  ;  317,  fig.  588. 

Circumscription :  the  general  outline. 

Cirrhose,  cirrhiferous :  tendril-bearing, 
or  with  organs  serving  as  a 

Cirrhus:  a  tendril. 

Cistaceffi,  393. 

Cistdma :  a  kind  of  sac  lining  the  cham- 
ber under  a  stomate  in  certain 
plants. 

Classes,  360. 

Classification,  352. 

C/athrate:  latticed. 

Cluvate.clamform:  club-shaped;  narrow 
below  and  thickened  towards  the 
summit 

Clav(culate :  with  tendrils,  or  leafstalks 
acting  as  such  (claoiculcB). 

Claw:  the  narrowed  base  of  a  petal, 
&c.,  276. 

CUft. :  cut  to  about  the  middle,  and  with 
narrow  or  acute  sinuses ;  159,  fig. 
261,265. 

Climbing :  rising  by  laying  hold  of  oth- 
er objects  in  any  way,  102. 

dindnthium :  the  receptacle  of  the  flow- 
ers in  Composite. 

Cloves,  418. 

Club-shaped:  see  Clavate. 
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Cbuimotm,  400. 

CluMtertd :  collected  into  a  bunch. 

ClypeaU :  backler-«haped. 

Coaafrvaie :  heaped  together. 

CoddunaU :  cohering ;  united  ai  the  base 
or  farther. 

Coaleicence,  249. 

CoaUaeent:  growing  together. 

Coarelai$:  crowded^together. 

Coaled:  composed  of  layers;  or  iiir> 
niflhed  with  a  rind. 

Cobwebbed,  or  oohwebhy :  bearing  long 
hairs  like  cobweb  or  gossamer. 

Coccultis  Indicas,  384. 

Coccus  (pi.  cocci) :  anciently  a  berry ; 
now  used  for  the  closed  carpels  into 
which  many  fruits  split  (316),  as 
those  of  Euphorbia,  fig.  1143, 1145, 
and  Verbena,  fig.  985. 

CochU4r{form :  shaped  like  a  spoon  (ooch- 
tear), 

Qfc/Ueate:  like  a  snail-shell  (cocA/sa). 

Cocoa-plum,  415. 

CodoipShnous :  i.  e.  hollow-seeded ;  the 
top  and  bottom  incurved,  as  in  Co- 
riander-seed. 

Coffee,  433. 

Coherent:  united  together. 

Cohesion  of  parts,  250,  &c. 

Coleorhisa  (root-sheath) :  the  sheath  or 
covering  (belonging  to  the  cotyle- 
don or  plumule)  through  which  the 
radicle  of  most  Endogens  bursts  in 
germination. 

Collar^  coUum :  the  neck  or  line  of  junc- 
tion between  the  primary  stem  and 
root.  ^ 

CoOective  fruits,  818. 

Colocynth,  423. 

<  b^ai ;  of  some  other  color  than  g^reen. 

Columbo-root,  384,  457. 

Colum€Ua :  the  axis,  or  central  column, 
of  a  pod  or  spore-case. 

Column :  the  united  filaments  of  mon- 
adelphoui)  stamens,  or  the  united 
filaments  and  style  in  gynandrous 
flowers;  281,  fig.  468. 

Columnar:  pillar-shaped. 

Coma :  a  tuft  of  any  sort,  especially  a 
tuft  of  hairs  on  a  seed,  321,  fig. 
602  ;  the  whole  head  of  a  tree,  £^. 

Comate,  or  comose :  bearing  a  coma. 

CombretacesB,  419. 

CommelynacesB,  or  Commelinaccse,  496. 

Cdmmissure:  the  line  of  junction  of  two 
carpels;  used  mostly  in  Umbel- 
lifersB,  426. 

Common :  used  as  *'  gen<iral,"  opposed 
to  partial. 

Cdmplanate:  flattened. 

Complete  Jiower:  having  all  the  kinds  of 
organs,  2*22,  238. 


Complicate :  folded  upon  xtselt 

CompositSB,  435. 

Compoumdjiowtr,  215,  fig.  823  -  325,  and 
435,  fig.  887,  Ac. 

Compound  Uaf:  one  coniposed  of  two  or 
more  blades,  163. 

Compound  pistil^  290. 

Compound  spHoSf  raceme,  umbd,  &c.,  216. 

Compressed:  flattened  on  two. opposite 
sides. 

Conoentrie  layers  of  wood,  112, 123. 

Conchiform:  shell-shaped. 

Concotored:  all  of  one  color. 

Conduplicate ;  folded  together  length- 
wise, 144,  165. 

Qme:  see  Strobile,  319. 

Confemiuunate:  stuck  together  by  their 
adjacent  faces,  as  the  oo^ledons  of 
Horsechestnut,  327. 

Conferted:  crowded. 

Conjluent:  running  together,  or  blended 
into  one. 

Conformed:  similar  to ;  or  closely  fitted 
to,  as  the  skin  to  die  kernel  of  a 
seed. 

Congested:  crowded  together. 

CongUfhate:  clustered  into  a  balL 

Conglomerate:  thickly  clustered. 

ConiferR,  479. 

Coniferous:  cone-bearing. 

Conjugate :  coupled ;  in  single  pairs. 

Conjugation,  332. 

ContwUe:  uifited  or  grown  together  from 
the  earliest  state,  251. 

Connate-perfoliate,  166,  fig.  294. 

Conn^ivef  comieotOmm :  Sic  part  of  the 
anther  connecting  its  two  cells  or 
lobes,  281,  282. 

Conn(vent:  converging. 

Conoidal:  approaching  a  conical  form. 

Qmsolidatea:  when  unlike  parts  are 
grown  together. 

Consolidation,  250. 

Continuous :  not  interrupted. 

Contorted:  twisted,  272. 

ContortupUcate :  twisted  and  folded. 

Contracted:  either  narrowed  or  short- 
ened. 

Contrary :  opposite  in  direction  to  some- 
thing it  is  compared  with,  as  the 
pod  of  Shepherd's  Purse  flattened 
contrary  to  the  partition. 

Convolute  (rolled  up)  or  o(f«volutive  aesti- 
vation, 272. 

Ctfnvolute  vernation :  rolled  up  length* 
wise  in  the  bud,  144. 

0>nvo]vulace8B,  454. 

Copaiva,  414. 

Copal,  414. 

Copalchc-bark,  434. 

Cordate:  heart-shaped;  shaped  like  a 
heart  as  painted  upon  cards,  the 
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sinus,  or  notched  end,  being  at  the 
base;  fi^:  244. 

Cordiactae,  451. 

Coriticroits :  of  ft  leathery  consistence. 

Cork,  477. 

Corkif :  of  the  tcxtare  of  cork. 

Corky  envelope  or  layer  of  the  bark,  121, 
127. 

Corm  (cormus)  :  a  solid  bulb,  108. 

Connophytes :  plants  having  an  axis 
(i*o6t  and  stem),  in  contradistinc- 
tion to  Thallophyte8,371 

Comaceie,  428. 

Corneous :  of  the  consistence  of  horn. 

Cornicu/ute:  furnished  with  a  small 
horn. 

Coniine,  428. 

Cornute :  furnished  with  a  horn  {cornu) 

CoroUa  :  the  inner  of  the  two  floral  en- 
velopes, 222,  275. 

Cor(^ldceous,  cdroUine:  like  a  corolla  in 
appearance  or  texture,  or  belong- 
ing to  the  corolla. 

Confnn :  a  crown,  such  as  the  append- 
age at  the  top  of  the  claw  of  the 
petals  of  Sllcne ;  246,  fig.  378. 

Coronate :  bearing  a  crown. 

Corf  ex :  the  bark  or  rind. 

Cortical:  pertaining  to  the  bark. 

Cdrticate :  furnished  with  a  distinct  rind. 

Cdrytnb:  a  convex  or  flat-topped  flower- 
cluster,  211. 

Qfripnbose :  disposed  in,  or  resembling, 
corymbs. 

Casta :  a  rib,  or  midrib. 

Costa te :  rihbcd,  or  with  a  midrib. 

Cotton,  44,  398. 

Cotyl^lons :  the  first  leaves  of  the  em- 
bryo ;  seed-leaves,  71,  824. 

Cofylrfonn :  dish-shaped. 

Coumarin  414. 

Co  witch,  415. 

Cranberry,  439. 

Crassulaccap,,  423. 

Craterifunn :  goblet-shaped. 

Creeping:  running  on  or  beneath  the 
ground  and  rooting,  102. 

Cre'mocarp :  the  fruit  of  Umbelliferae, 
425. 

Crenatfy  or  crendled:  the  margin  fur- 
nished with  even  and  rounded 
notches  or  scallops  ;  159,  fig.  256. 

Cr€nulate :  diminutive  of  Creuate. 

Crescentieaj,  447. 

Crested:  see  Cristate. 

Cribrose:  pierced  with  holes  like  a 
sieve. 

Crinite:  beai*ded  with  long  hairs. 

CrisfHite :  curled. 

Cristate :  crested  ;  bearing  any  elevated 
appendage  on  its  surface. 

Cross-hretds :  individuals  originated  by 
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fertilizing  one  variety  or  species  by 
another,  356,  357. 

Crowberry,  474. 

Croum  C246,  279,  fig.  878)  :  see  Corona. 

Crowned:  see  Coronate. 

Crowning:  borne  on  the  apex  of  any 
oi'gan. 

Craciatey  or  cruciform :  cross-shaped, 
277,  as  the  corolla  of  the  Mustard 
family,  fig.  405. 

CruciferiB,  389. 

Crude  sap,  53,  190. 

Crustaceons :  crusty  in  tcxtare,  hard 
and  brittle. 

Cryptogamia,  513. 

Cryptdgantous  or  cryptogamic :  relat- 
ing to 

Cryptogamous  Plants,  69,  330,  499. 

Crystals,  59.    . 

Cucullatey  or  cyjculli/orm :  hooded  or 
hood-shaped  ;  rolled  up  like  a  cor- 
net of  paper,  603. 

Cucumber,  423. 

Cucurbiraccae,  423. 

Ciihn:  a  straw,  or  straw-like  stem,  101. 

Cultrate:  shaped  like  a  broad  knife- 
blade. 

Cdneatef  or  cuneiform:  wedge-shaped; 
broad  above,  and  narrowed  to  the 
bftse,  witb  straight  sides  ;  fig.  235. 

Cunoniaceae,  or  Cunonieai,  525. 

Cupressineai,  480. 

Cap-shaped,  aipii/iform :  hemispherical, 
and  hollow  above. 

Ciipiilate :  furnished  with  a 

Cuptde,  or  aiptda :  the  acorn-cup,  314. 

Cupuliferai,  476. 

Curled:  irregularly  folded  and  crimped. 

Currant,  421. 

Curvinervedy  158,  fig.  236. 

Curviseriai:  in  curved  ranks,  141. 

Cuscuteae,  or  Cuscutineoe,  455. 

Cushion :  the  swollen  base  of  &  leaf- 
stalk, or  the  enlargeme!it  below  the 
insertion  of  many  leaves. 

Oispidate :  tipped  with  a  CM.77,  or  sharp 
and  rigid  point ;  162,  fig.  275. 

Custard-Apple,  382. 

Cut :  see  Incised,  or  iJissectcd. 

Cviible :  tlie  outer  skin  or  pellicle  of  the 
epidennis,  149. 

Cydthiform :  cup-shaped. 

Cycadaceae,  481. 

Cycle :  one  complete  turn  of  a  spire ;  a 
circle. 

epical :  coiled  into  a  fall  circle. 

CycUSsis  :  circulation  in  cells,  31. 

Cylindracfotis:  approaching  to  the 

Cylindrical:  circular  in  trans vense  out- 
line and  tapering  gradually,  if  at 
all,  as  in  most  stems. 

C^mbaform :  boat-shaped. 
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Cyme  (cyma) :  a  cluster  of  oentriAigal 
inflorescences,  218. 

Cymoae :  bcarinjr  cymes,  or  cyme-like. 

QfyNu/c  (c^inuia);  a  Cjfutelei,  or  little 
cyme,  218. 

Cjfncurrhodium :  such  a  fruit  as  that  of 
Rose  (fig.  429)  and  Calycanthos, 
fig.  815,819. 

Cyperaoece,  496. 

Cypsela :  an  acheniam  with  an  adher- 
ent calyx-tube,  as  in  Compositn. 

Ci/sUdhtM :  a  utricle. 

CtjHtoli'thfis,  60. 

CytiMwU :  the  nucleus  of  a  vegetable 
cell. 

Dammer  Pitch,  400. 

Deca-,  in  words  of  Greek  derivation : 
ten  ;  as  in 

Dccagynia,  515. 

iMxdfjifnons :  with  ton  pistils  or  styles. 

Dficdmeroiis :  the  parts  iu  tens,  2<34. 

Dccandria,  512. 

iJccdndroug :  with  ten  stamens,  280. 

Decapttaloiu :  with  ten  petals,  276. 

iMciduoug :  falling  otf,  or  subject  to 
fall ;  as  petals  falling  after  blos- 
soming, 279,  and  leaves  before 
winter,  172. 

De'dinQt€y  declined:  turned  to  one  side. 

VccoM/Jound :  seveiul  times  compound- 
ed, 165. 

Decdmbent :  reclined  on  the  ground,  the 
summit  rising,  102. 

Decurrent:  prolonged  below  the  inser- 
tion, as  the  leaves  of  the  Thistle, 
170. 

DeaiaaaU :  the  successive  pairs  crossing 
each  other  at  right  angles,  142. 

Deduplioation  {d^doidjiement)f  243. 

Definite  .*  of  a  fixed  number,  and  not 
above  twelve  or  twenty. 

Definite  ^rototh,  100. 

Definite  inflorescence^  217. 

Deflexed:  bent  downwards. 

Deflorate:  past  the  flowering  state. 

Defoliate :  ha^nng  cast  its  leaves. 

Dehiscent  fruits,  &c.,  315  ;  opening  by 

Dehiscence :  splitting,  as  do  pods,3 11,316. 
•»        of  anthers,  283. 

Ddiquescent:  the  stem  dissolving  into 
branches,  99. 

Ddtoid:  shaped  like  the  Greek  capital  A. 

Ikmersed:  growing  under  water. 

Dendroid,  dendritic :  tree-like. 

Dentate :  same  as  toothed  ;  1 59,  fig.  255. 

Denticulate  :  furnished  with  fine  teeth,  or 
denticulations. 

Denttdate :  made  naked. 

D^'panpereUe :  dwarfed  in  size. 

Depressed:  flattened  vertically  or  from 
above. 


Deacendinp:   tending  gradually  down- 

wanls. 
Descending  axis,  72,  79. 
Desmidise,  or  I>esmidiace8e,  510. 
Determinate  inflorescence,  217. 
Descriptive  liotany,  15. 
Development,  19. 
Dextrine,  54,  193. 
Dextrorse :  towards  the  right. 
/>!-,  in  Greek  compounds ;  two. 
Diadclphia,  513. 
Diadelphotts:    stamens  united  by  their 

filaments  in  two  sets ;  280,  fig.  461. 
Diandria,  512. 

Didndrous :  with  two  stamens,  279. 
Diagn6sis:  a  brief  essential  character. 
Dialyp^alous :  of  distinct  petals. 
DiapensiacesB,  454. 
Didphanous:  transparent. 
Diatomacese,  510. 
DicdrpeUanf :  of  two  carpels. 
Dichlamydeous :  with  both  calyx  and 

corolla. 
DichondresB,  455. 

DichdtoiMous :  forking  into  two  branches. 
Diclinous :  with  the  stamens  and  pistils 

in  separate  blossoms,  261. 
Dicdccous :  separable  into  two  cocci. 
Dicotyltfdonous :  having  a  pair  of  ootyle* 

dons,  78,  326. 
Dicotyledons,  Dicotyledonous  Plants* 

114,326,370. 
DCdfpnous:  twin. 
Didynamia,  512. 
Didpnamons:   with  two  long  and  two 

shorter  stamens,  258,  281. 
Difformed:  of  unusual  shape. 
Diffuse :  widely  and  loosely  spreading. 
Digamous:  having  flowers  of  two  du- 

ferent  sexes. 
Digestion,  190. 
Digitate  (fingered) :  compound,  with  the 

parts  ^1  arising  from  the  same 

point ;  163,  fig.  277. 
Digitately  tri^plurSbliolate,  164. 
Digynia,  515. 

Digynous :  with  two  pistils  or  styles,  287. 
DilieniacesB,  380. 

Dimerous :  the  parts  in  twos,  234,  239. 
Dimidiate :  halved,  or  appearing  as  if 

one  half  or  side  were  wanting,  283. 
Dimdrphous :  of  two  forms. 
Dioeciai  513. 
Dioecious :  with  stamens  and  pistils  in 

separate    blossoms    on    different 

individuals,  262. 
DioscoreacesB,  492. 
Diosmes,  407. 

Dipetalous :  of  two  petals,  276. 
Diphgllous :  two-leaved,  275. 
Diploste'monous :    stamens    double    the 

petals  or  sepals  iu  number. 
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Dipsaceee,  435. 

BipterocarpeaB,  400. 

Dipterous:  two-winged. 

Disciform:  disk-shape;  flat  and  circu- 
lar, like  a  disk  or  quoit. 

Discoidiil,  discoid:  like  a  disk;  or  be- 
longing to  the  disk;  destitute  of 
rays,  436. 

Dis^palous  *  of  two  sepals. 

Disk,  or  disc :  a  fleshy  expansion  of  the 
receptacle  of  a 'flower,  267  :  the 
central  part  of  a  head  of  flowers, 
as  opposed  to  the  border,  436 ;  the 
face  of  any  flat  body,  as  opposed 
to  the  margins. 

Disk-hearing  woody  tissue,  43. 

Disk-JiowerSy  436. 

Dissected :  cut  into  pieces,  or  nearly  so. 

Dissepiment :  the  partition  of  a  pod,  291. 

Dissilient :  bursting  in  pieces. 

Distichous:  in  two  vertical  ranks,  134. 

Distinct :  when  parts  of  the  same  name 
are  unconnected,  251. 

Divaricate :  straddling  widely. 

Divergent :  separating,  their  summits 
inclining  from  each  other. 

Divided:  cut  into  distinct  portions; 
160,  fig.  263.  267. 

Dodeca- :  in  Greek  derivatives  ;  twelve. 

Dodccagynia,  515 

Dodecdgi/nous :  with  twelve  pistils  or 
stvies. 

Dodecandria,  512. 

Dodecdndrous :  with  twelve  (or  from 
twelve  to  nineteen)  stamens,  280. 

Doldhriform :  axe-shaped 

Dorsal :  belonging  to  the  back  {dorsum). 

Dorsal  suture,  280. 

Dotted  ducts,  38. 

DoUed  leaves,  &c. :  marked  with  small 
spots,  either  colored,  or  transparent 
and  appearing  like  punctui*cs. 

Double  flowers  :  monstrous  blossoms, 
with  the  petals  unduly  multiplied, 
222,  229. 

Doublg  compound,  164. 

Dovcny :  clothed  with  soft  pubescence. 

Dragon's  blood,  414,  493. 

Droseraceae,  394. 

Drupaceous :  like  or  pertaining  to  a 

Drupe:  a  stone-fruit,  312. 

Drupelet:  a  diminutive  drupe,  313. 

Dryadeae,  418. 

Ducts,  45. 

Dumose:  bushy. 

Duplicate  :  doubled  or  folded. 

Duramen :  heart-wood  ,126. 

Dwarf:  comparatively  low  in  stature. 

^-,  or  Ex-,  as  a  prefix,  means  destitute 
of ;  as,  ecostate,  riblcss ;  eaulbumi- 
nous,  witliout  ulbumcn,  &c. 


Eared:  see  Aorictilate. 

Earthy  constituents  of  plants,  179, 186. 

Ebenaceie,  442. 

Eb^neous :  black  like  ebony. 

Ebony,  442. 

Ebrdcteate :  destitute  of  bracts. 

EbrdcteokUe :  destitute  of  bractlets. 

Elnimeous :  white  like  ivory. 

Echinate:  beset  with  prickles  (like  a 
hedgehog). 

Echtnulate :  rough  with  small  prickles. 

Edentate:  toothless. 

Effete :  past  the  p^arfect  .or  pioductive 
state. 

Efftise:  very  loosely  spreading. 

hglandahse:  destitute  of  glandg. 

Elaborated  sap,  53. 

EIseagnacesB,  467. 

Elaters,  40,  505. 

Klatinocea',  395. 

Elementan/  constituents  of  plants,  179. 

Elementary  structure  of  plants,  17. 

Ellipsoidal :  approaching  the  form  of 

Elliptical:  oval  or  oblong,  and  with 
both  ends  similar  and  regularly 
rounded. 

Emarginate :  notched  at  the  end ;  162, 
fig.  273. 

Embracing :  surrounding,  as  by  a  broad 
,     attachment 

Embryo :  the  rudimentary  plantlet  in  a 
seed,  71,323. 

Embryo-sac,  304. 

Embryogeny :  the  formation  of  the  em- 
bryo, 304. 

Embryonal  vesicle,  806. 

Emersed:  raised  out  of  water. 

Emetine,  433. 

Enantiobldstous :  with  the  embryo  at  the 
end  of  the  (orthotropous)  seed  dia- 
metrically opposite  the  hUum,  as  in 
Tradeseantia. 

Endecagynia,  515. 

Endecdgynous :  with  eleven  pistiln  or 
styles. 

Endocarp :  the  inner  layer  of  a  pericarp, 
,      310,312. 

Endochrome:  the  coloring   matter  of 

/         AlgflB. 

Endogen,      Endogens,      Endoigenous 

Plants,  113,370,482. 
Endogenous  structure,  113,  114. 
EndophUkuni:  inner  bark,  120. 
Endopletira:   the  innermost  aeed-coat,. 

321. 
Endorhizie :  a  synonyme  for  Endogens. 
EndorhCsal:  said  of  an  embryo  which 

has  the  radicle   sheathed  by  the 

cotyledon   or     plumule   wrapped 

around  it. 
Endosmdse,  or  Endosmdsis,  33 
E'ndosperiH:  tUu  albumcu  of  the  3ccd, 
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espccialljwhcn  this  is  formed  in  the 
,      emhr}'o-Rac  of  the  ovule,  322,  323. 
Kndottome:     the   orifice  of  the  inner 

cont  of  the  ovale,  298. 
Endoihecium:  the  inner  lining  of  the 

cells  of  fin  anther. 
Enerved:  nerveless. 
Ennea- :  nine ;  as  in 
Knncag:ynia,  515. 

Enn^ijijnous :  with  nine  pistils  or  stj^les. 
Knneandria,  512. 
EnnednJroua :  with  nine  stamens. 
EntwapAalmu :  nine-petalled,  276. 
Enddal:  without  a  node. 
Enaale :  same  as 
Ensl/orm:  sword-shaped. 
Entire :  the  margin  whole  and  even, 

not  toothed  or  cut,  158,  275. 
hntophyies :  plants  parasitic  within  oth- 
er plants. 
Epacriacfe,  440. 
Ephemeral :  laistin^  hut  a  day. 
EjH-f  in  Greek  compounds  :  upon. 
hpicdlyx:  an  involucel  rescmhling  an 

exterior  calyx,  as  in  Mallow. 
Epicarj) :  the  outermost  layer  of  a  peri- 
carp, 310. 
Epidalium :  the  upper  part  of  the  lip  of 

an  Orchid,  when  different  from  the 

lower. 
Epicdrolline :  upon  the  corolla. 
hindennal :  rclatinp:  to  tlic 
Epidermis:   the  skin  of  a  plant;  51, 

122,  148. 
Epigceom :  growing  on  or  close  to  the 

ground. 
Ep((jynou8 :  upon  the  ovary,  252,  268, 

281. 
Epip€lidous:  upon  the  corolla,  281. 
JEjiiphldum:  outer  or  corky  bark,  121. 
Epiphylloits :  upon  a  leaf 
Epiphytal,  or  qnphiftic :  relatinp:  to 
E'pipmjteSy    plants  gi'owing   affixed  to 

another  plant,  but  not  noarished 

by  it,  87. 
Ep(ptermi8 :  winged  at  the  top. 
Episperin :  the  outer  seed-coat,  320. 
Equal :  regular,  or  of  the  same  length 

or  number,  as  the  case  may  be. 
Eqftilateral :  equal-sided. 
EquisetaccsB,  499. 

E'quitant:  riding  straddle,  145,  165. 
Erianthous :  woolly-flowered* 
EricacesB,  439. 
Ergot,  498. 
Eriocaulonaceae,  496. 
Eriogoneae,  466. 
Erose:  eroded,  as  if  gnawed. 
Erdstrate :  not  beaked. 
Epcalloniete,  425. 
Esftejitial  organs  of  the  flower,  222. 
Estivation :  see  ^Estivation. 


Etcsrio :  a  name  for  such  a  fruit  as  a 
raspl)erry  and  blackbeny. 

Euphorhiaccffi,  47 1 . 

Evolved,  or  evdlvular :  valveless. 

Evergreen :  holding  the  leaves  over  win- 
ter or  longer,  172. 

Exalbdminous :  without  albumen,  823. 

Excentric :  out  of  the  centre,  325  ;  one- 
sided. 

Excretions,  57,  1 78. 

Excurrent :  protniding  beyond  the  apex, 
as  when  the  midrib  of  a  leaf  pro- 
jects :  or  running  to  the  very  sum- 
mit, as  the  main  stem  of  a  Fir,  99. 

Exhalation,  175. 

E'xocarp :  the  outer  laver  of  a  pericarp, 

,      312. 

Exogen,  Exdgenae,  Exogenous  Plants, 
113,370. 

Exogenous  structure,  113,  116. 

Exorhizse  :  a  synonymc  of  Exogens ; 
the  radicle  in  these  being 

ExorhCzal:  not  enclosed  or  sheathed 
by  the  cotyledons  or  plumule. 

Exoamdse,  or  J^xosmdsis,  33. 

E'xostome :  the  orifice  of  the  outer  coat 
of  an  ovule,  298. 

Exostdsis:  an  indurated  protuberance. 

Exothecium :  outer  coat  of  the  anther. 

E'xjdannte:  outspread  or  broadly  flat- 
tened. 

Exserted,  exs^rt :  protruding  beyond,  as 
the  stamens  out  of  the  corolla  in 
fig.  450. 

Exstipulale:  destitute  of  stipules,  171. 

Exterior:  as  applied  to  the  pnits  of  a 
blossom,  the  same  as  aider ior. 

Extine :  the  outeir  coat  of  a  pollen-grain, 
286. 

Eoeira-axUlary :  out  of  the  axil,  99, 
220. 

Extrorse :  tutned  outwards,  282. 

Fades :  the  general  aspect. 

Falcate,  falciform :  scythe-shaped ;  flat 
and  cun'cd,  the  edges  parallel. 

Families,  359. 

Fan-shaped:  see  Flabelliform. 

Farina :  starch,  54 

Farinaceous :  mealy;  containing  starch. 

Farinose :  covered  with  mealy  powder. 

Fdsciate :  banded ;  applied  also  to  mon- 
strous stems  which  grow  flat 

Fasciation :  the  singular  monstrous  ex- 
pansion of  stems,  &c.  as  in  the  gar« 
den  Cock's-comb. 

Fdscicle:  a  close  cyme  or  cluster  of 
flowers,  219;  a  bundle  of  leaves 
crowded  like  those  of  the  Larch, 
fig.  213. 

Fascicle :  growing  in  tufts  or  clusters, 
84,  142. 
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Fasckulate:  in  smaU  tufts. 
FitsWjiate:  close,  parallel,  and  upright. 
Faux  {i^\,  fauces)  :  the  gorge  or  tiiro.it. 
Fdveolute^  Jaivse :    with  deep  pits,  like 

honeycomb, 
Feathei'-veined :    having  veins  all   pro- 
ceeding from  a  midrib,  155. 
Feathert/ :  see  plumose. 
Fecida:    starch,  54. 
Ft' nvaJe  flower :  see  Fertile  flower. 
renestrate:  pierced  with  one  or  more 

holes,  like  windows. 
Ferruyineons  or  ferruginoua :  of  the  color 

of  iron-rust. 
Fertile:    capable    of   producing    fmit. 

Stamens  are  also  said  to  l^  fertile 

when  their  anthers  contain  good 

pollen. 
Fertile    ftoxcer:    one     having    pistils, 

261. 
Fertilization,  300. 
Fibre ^  41. 
Filnil:  a  delicate  fibre-like  body;  the 

root-haire,  81. 
FihrCi/ifonn  tissue,  48. 
FihriUos", :   beaiing  fibrils  :   diminutive 

of  fibrous. 
Fibrine,  198. 
Fibrous  or  flhro'ie:  composed  of  slender 

threads  or  fibres. 
FibrO'Vascular  tissue  or  system,  50. 
Fiddle-shaped:  obovate  and  contracted 

on  eacli  side. 
Fi?,  215,  47.5,  and  fig.  590-592. 
Filament :  the  stalk  of  an  anther,  223, 

281.    Or  any  slender  thread. 
Filamentous,  or  Jihmentose :   composed 

of  threads  or  filaments. 
Filices  (Fenis),  500. 
FilicxAogtf :   the  pait  of  Botany  which 

treats  of  Ferns. 
Filiform :  shaped  like  a  thread ;  slender 

*  and  terete,  166. 
Filipe'ndulous :  hanging  from  a  thread, 

as  the  tuberous  roots  of  Spirtea  fili- 

pcndula. 
Fimbriate :  fringed  ;  bordered  by  slen- 
der processes  or  appendages. 
Fdnhrillate  or  flmbrilliferous :     diminu- 
tive of  the  last. 
Fingered:  see  Digitate. 
Fissijxirous :   propagating  by  division 

into  two  poitions. 
Fistular  or  Fistulose:  hollow  through 

its  length,  as  the  leaves  of  Onion. 
Fldbellate,  or  flabelUform :  fan -shaped  ; 

broadly    wedge-shaped    with    the 

summit  rounded. 
Flaconrtiaoese,  392. 
Flagellate :  hesivingfletgella,  i.  e.  runners, 

like  thosei  of  the  StrawbeiTy. 
Flagelli/orm:  long,  taper,  and  supple, 

45* 


like  the  thong  of  a  whip  ;  runner* 
like. 

Flavesccnt :  yellowish  or  pale  yellow. 

Flarous :  yellow. 

Fiax,  402' 

Flesh t/ :  succulent,  or  of  the  consistence 
of  flesh,  84. 

Fle'xuose,  or  flexions :  zigzag ;  bent  alteiv 
natcly  iawanls  and  outwards. 

Floating:  growing  on  the  suiface  of 
water. 

Floccose :  bearing  or  clothed  with  locks 
of  soft  hairs  or  wool. 

Floixi  (the  goddess  of  flowers) ;  the  ag- 
gregate of  the  species  of  plants  of  a 
country ;  or  a  work  systematically 
describing  them. 

Floral:  belonging  to  the  flower. 

Floral  tnvelopes :  flower-leaves,  222,  268 

F'orescence :  same  as  an  thesis. 

Floret:  a  small  flower,  or  a  separate 
blossom  of  a'  6o*cailed  compound 
flower. 

FloridcaB,  509. 

Flotijerous :  flower-bearing. 

Fhsculous:  composed  of  or  bearing^os- 
cidi,  i.  e.  florets ;  or  composed  of 
tubular  flowers  only. 

Floioei',  70,  221. 

Floiver-hud,  209,  224. 

Flowering,  204. 

Flowering  Plants,  69,  309,  375. 

Flowerless  Plants,  69,  330,  499. 

Fluitant :  floating  on  water. 

Fluviatile :  belonging  to  flowing  water. 

Fly-traps,  168. 

Foluiceous :  leaf-like,  i.  e.  thin,  membra- 
naceous and  green;  or  bearing 
leaves. 

Foliar:  belonging  to  leaves  {fl)Ua). 

Foliation :  leaflng  out. 

Foliate :  clothed  with  leaves  ;  or,  with  a 
numei*al  prefix,  denoting:  the  num- 
'ber  of  leaves  ;  as,  bifoliate,  two- 
leaved  :  trifoliate,  three-leaved,  &c. 

Fdliolate:  consisting  of  leaflets  (fo- 
liola)  ;  as,  bifoliate,  a  leaf  having 
two  leaflets,  or  trifdidate,  having 
three  leaflets,  &c. 

Fdiose :  bearing  numerous  leaves. 

Follicle:  a  simple  pod  opening  down 
one  side  ;  315,  fig.  579. 

Follicular,  of  the  nature  of  a  follicle. 

Foramen :  an  aperture  or  orifice,  298. 

Foraminnlose :  pierced  with  small  holes. 

Fdrcipate :  forked  like  a  pair  of  pincers. 

Forked:  branching  into  two  or  more 
divisions. 

Fornicate :  arched  over,  bearing  a 

Fornix,  p\.  fdi^nices:  little  arched  scales 
in  the  throat  of  a  corolla,  as  in 
that  of  Ilound's-tongue. 
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Fdveate :  pitted,  hnrm^fomai  or  doprcs- 

BJofu  of  the  surface. 
Fifoeoiaie :  marked  with  little  pits  or  ae- 

Jpressions  {/ov^cb), 
ia:  minate  particles  in  the  fluid 
contained  in  pollen,  286. 

fVee:  separate;  not  united  with  dis- 
similar parts,  250. 

Fringed :  see  Fimbriate. 

Ffwui:  the  folia$!;e  or  Ferns  (500), 
Liverworts  (504),  &c.,  67. 

Frondeacence :  the  act  of  l«dlng. 

Frondote:  leafjr,  or  more  commonly  it 
now  means  frond-like,  or  producing 
a  frond  instead  of  ordinary  foliage, 
504. 

FrweUfication :  fruiting,  or  the  fruit  and 
what  attends  it. 

Fructification^  organs  of:  the  stamens 
and  pistils. 

Fruit,  308. 

Fruit-doU,  of  Ferns,  501. 

FrumentaceouM :  producing  starch,  or  re- 
lating to  com  {frununtum), 

FrustuloM :  consisting  of  small  portions 
or  fragments. 

Frutescent :  becoming  shrubby. 

Frutteulote :  y^tj  small  and  shrubby. 

Fniticoae :  shrubby  ;  relating  to  a 

Frulex :  a  shrub. 

FncacesB,  509. 

Fugacious :  'falling  off  or  perishing  very 
early,  as  the  calyx  of  the  Poppy, 
and  the  corolla  of  Cistus;  172. 

Fukrette :  belonging  to  or  furnished  with 
ftdcra  (props),  i.  e.  with  append- 
ages such  as  tendrils,  prickles,  stip- 
ules, &c. 

Fuliginous f  or  fuliginose :  sooty;  dark 
and  deep  brown. 

Fulvous:  tawny:  (mmge-yellow  mixed 
with  gray. 

Fumariocese,  389. 

Fundatnental  organs,  70. 

Fungi,  .507. 

Fungiform :  mushroom-shaped. 

Fungiiliform :  diminutive  of  the  last. 

Fungose :  spongy  in  texture. 

Funiculus :  the  secd-etalk,  297, 321. 

Funnel-shaped,  junndform :  see  Infnn- 
dibuliform,  277. 

Fwreais :  forked,  the  forks  spreading. 

Furfuraceous :  scurfy. 

Furrowed:  see  Sulcate. 

Fuscous:  grayish-brown. 

Fusiform :  spindle-shaped ;  84,  fig.  138. 

Fustic,  475. 

Galbannm,  427. 

Galbulns:  a  fleshy  and  closed  strobile 
imitating  a  berry,  as  a  Juniper- 
berry,  520. 


Galea :  a  helmet ;  an  arched  sepal  or 
petal,  278,  fig.  4.'>8. 

Gdieate :  having,  or  sluiped  like,  a  hel- 
met 

Galingale,  490. 

Galls,  477. 

Gamboge,  400. 

Gdinophi/lious :  composed  of  leaves 
united  by  tlieir  edges,  275. 

Gantoptftaiotis :  composed  of  united  pe- 
tals, 249,  275. 

Gamos^palous :  of  united  sepals,  249. 

Gelatinous  coils  in  cells,  40. 

Geminate :  in  pairs. 

Gemma :  a  bud  or  growing  point 

Gemmation :  budding  growth,  31. 

Ge'mmtde :  a  young  bud ;  the  plumule. 

Genera  :  plural  of  genus. 

General :  the  opposite  of  partial ;  as  the 

General  involucre  of  a  compound  um- 
bel, &c.,  216. 

Generic:  relating  to  the  genus. 

Geniculate:  bent  abruptly  like  a  knee. 

GentianacesB,  456. 

Gentianine  (Grentian),  457. 

Genus,  358. 

Geographical  Botany :  the  study  of 
plants  in  respect  to  their  geograph- 
ical distribution. 

GeraniacesB,  403. 

Germ :  the  eye  of  a  bud ;  or  any  grow- 
ing point ;  or  an  embryo,  323. 

Germen :  an  old  name  for  the  orary. 

Germinal  vesicle,  30^. 

Germination  :  gix)Avth  of  the  embryo 
from  the  seed,  71,  328. 

Gerontogdous :  belonging  to  the  Old 
World. 

Gesneriacese,  44. 

Gibber:  an  enlargement  or  gibbosity 
of  any  sort,  on  one  side  of  a  calyx, 
a  fruit,  &c. 

Gibherose  or  gibbous:  swollen  or  en- 
larged on  one  side. 

CriZ;»  of  Fungi,  500. 

Ginger,  490. 

Ginseng,  428. 

Glabrous :  smooth,  i.  e.  destitute  of  hair- 
iness. 

Glabrate:  smoothed,  or  becoming  near- 
ly  glabrous. 

Glddiate:  sword-shaped. 

Glands:  any  secreting  apparatus,  52. 
The  name  is  also  given  to  any  pro- 
jection or  appendage  the  nature 
and  function  of  which  is  not  obvi- 
ous, 264.  Glans  is  also  the  classi- 
cal name  of  an  acorn  and  chestnut. 

Glandular,  glnnduli/erous,  ghndulose  : 
bearing  glands,  or  gland  like  in 
texture. 

Glandular  hairs,  52. 
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Clondulctr  woody  t issue,  43. 

(flareose:  growinp^  in  fj^ravclly  places. 

GUiucescent :  ver|?inj?  upon  or  slightly 

Glaucous :  covered  with  a  whitish  bloom, 
which  rubs  off,  as  the  surface  of  a 
cabbage-leaf  or  a  plum,  or  so 
whitened  as  to  appear  to  have  a 
bloom,  56. 

Globose :  spherical  or  nearly  so. 

Globular:  nearly  globose  or  spheri- 
cal. 

Glochideous,  or  glochidiate  :  barbed ; 
hooked  back  at  the  point,  like  the 
barb  of  a  fish-hook,  or  with  two  or 
more  such  barbs  at  the  point. 

Glomerate :  clustered  into  a 

Gldtiiende :  a  capitate  cyme,  i.  e.  a  cyme 
condensed  into  a  head,  219. 

Glotsoloffy:  the  department  of  Botany 
which  explains  the  technical  terms 
of  the  science,  15. 

Glumaceous:  bearing,  or  resembling 
glumes. 

Glutne :  one  of  the  husks  or  chaff  of 
Grasses,  &c.,  497. 

Glumelle :  an  inner  glume  or  paka. 

Gluten,  197. 

Glutine,  198. 

Gdnophore :  a  stalk  elevating  both  sta- 
mens and  pistil,  267. 

Gooseberry,  421. 

Gossypine:  cottony. 

Gourd  (a  pepo),  423. 

Grafting,  100. 

Grain,  ^\ A, 

Graminese,  497. 

Granadilla,  422. 

Granular :  composed  of  grains  or  gran- 
ules. 

Granulate:  composed  of  little  kernels 
or  coarse  grains. 

Granules :  any  minute  particles. 

Grape,  408. 

Green  layer  of  the  bark,  121. 

GrossulacesB,  420. 

Grumous,  or  grumose:  consisting  of 
clustered  grains. 

Gnaiacnm,  405. 

Guava,  418. 

Gam  Animi,  400.  Gum  Arabic,  414. 
Gum  Elemi^  407.  Gum  Traga- 
canth  and  Senegal,  414. 

Gutta-percha,  57." 

Guttate :  sprinkled  with  colored  dots  or 
small  spots. 

Guttiferfe,  400. 

Gpnnocdrpous :  naked-fruited. 

Gymnospermia,  315. 

Gymtwsp^hnous :  naked-seeded,  296. 

Gymnospcrms,  or  Gymnospermous 
Plants,  297,  371,  479. 

Gyncecitim :  the  pistils  of  a  flower,  223. 


Gynandria,  513 

Gyndndjvus :  stamens  home  on  the  pis- 
til, especially  on  the  style;  253, 
281,  fig.  468. 

Gifnobase :  the  base  of  a  style,  or  sum- 
mit of  a  receptacle,  on  or  around 
which  two  or  more  carpels  are  in- 
serted, as  in  Rue,  Sage,  Geranium, 
&c.,  267. 

Gpnophore:  the  stalk  of  a  pistil,  267. 

Gyrate  or  gyrose :  bent  round,  or  bent 
back  and  forth. 

Habit  {Hcxbitus) :  the  general  aspect  of 

a  plant. 
Habitat:  the  habitation,  or  situation  in 

which  a  plant  is  naturally  found. 
Hackberry,  474. 
Huematine,  414. 
Ha^modoraccse,  492. 
Hairs,  52. 
Hairy:    clothed  or  beset  with  hnirs, 

which  are  separately  distinguish- 
able. 
Halberd-shaped,  or  Halberd-keaded :  see 

Hastate. 
Haloragece,  420. 
Halved:  sec  Dimidiate ;  appearing  as  if 

one  half  was  absent. 
Hamamelacese,  425. 
Hamate,  or  hamose :  hooked. 
Hdniulose :  diminutive  of  hamate. 
Hastate :  halberd-headed ;   shaped  like 

a  halberd,  viz.  with  a  spreading 

lobe  at  the  base  on  each  side ;  157, 

fig.  250. 
Hazel-nut,  476. 
Head:     see     Capitulum ;     213,     fig. 

320,  &c. 
Headed:  same  as  capitate. 
Heart-shaped:  see  Cordate. 
Heart-wood,  35,  124,  126. 
H^betcUe:  blunted,  having  a  soft  obtuse 

point. 
Hdiooid :   coiled  into  a  helix  or  snail- 
shell,  or  tending  to  be  rolled  up ; 

as  in  Fig.  332. 
Helmet:  see  Galea,  278. 
Hdobious :  living  in  marshes. 
H^volous:    grayish-yellow  mixed  with 

some  red. 
Hemi-  in  Greek  derivatives :  halved  or 

half;  as 
Hemi-andtropous :  half-anatropous. 
H€micarp :  a  half-fruit  of  Umbellifera ; 

same  as  mericarp. 
Hem&ropal,  or  hem&ropous:  nearly  the 

same  as  amphitropous. 
Hemp,  476. 
Hepaticae,  503. 
H^n :  the  Greek  numeral  seven,  used 

in  the  following  compounds. 
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Ucptnpyjiitif  515. 

llqMdrjifmMu :  having  seron  pistiU  or 

styles. 
n^ptdmeront :  the  parts  in  sercns. 
licptamlrtn,  512. 

Jli  ptdiiJrous :  with  scvca  Btamens,  280. 
Ilr/itaffelalQUM :  of  seven  petals,  276. 
Jlerb,  101. 

Herbaceous :  not  woody ;  of  a  sofk  text- 
ure like  an  herb,  101,  102. 
Herbarium :  the  Iwtanist's  collection  of 

dried  specimens  of  plants,  518. 
Hermdpfiroaite :  bisexual,  261. 
Hesperidium :  a  firm-rinded  berry  like 

an  orange,  311. 
Hrtero-t  in  Gn.>ek  derivatives :  nnlike ;  as 
H*'terocdrpou8:  having  two  kinds  of  fruit. 
Hettroce'i>haloHS :  bearing  two  kinds  of 

heads ;  as  in  Baccharis. 
Heterodrdmotu,  140. 
Heter&janioM :    Ijcaring    two    sorts    of 

flowers,  436. 
Heterof/eneous :  of  two  or  more  kinds. 
Heterdtropoia,  or  Iielerdtro/nii,  ovule  or 

sood  :  same  as  amphitro|X>us,  300. 
Hexa-f  in  Greek  derivatives ;  six. 
Hexagy'nia,  515. 
Hexdijifiiowi :     having    six    pistils    or 

styles. 
Hexdmerous :  the  parts  in  sixes,  234. 
Hexandria,  512. 

nexdndroua :  with  six  stamens,  279. 
Hexapelalous:  six-pctalled,  276. 
Hexaphyllous :  six-leaved,  275. 
Hexd/)terou8 :  six-winged. 
Hexasepaloits :  with  six  sepals,  272. 
Hexasl^monous :  having  six  stamens. 
Hickory-nat,  476. 
Hidden-veined :  where  the  veins  are  not 

visible,  as  those  of  the  leaves  of 

Pinks  and  Hoaseleeks. 
Hilar:  relating  to  the  hilum. 
Hilum :  the  scar,  or  jwint  of  attachment 

of  the  seed,  297,  321. 
Hippocastanacese,    or  Hippocastaneoe, 

410. 
Hippocre'piform :  horseshoe-shaped. 
Hirsute :  clothed  with  coaree  hairs. 
Hispid :  be^t  with  stiff  bristly  hairs. 
Hoary :   grayish-white  from  a  fine  pu- 
bescence. 
Homocarpous:  bearing  fruits  all  of  one 

kind. 
Homodrdmous,  or  homodromaU  140. 
Homd(jamous :  when  all  the  flowers  of  a 

head,  &c.  are  alike,  436. 
Homo(p'n€oits :  all  of  the  same  nature  or 

structure. 
HomdJogoas:  of  the  same  name;    said 

of  parts  which  are  of  the  same 

morphological  nature ;  e.  g.  bracts, 

sepals,  petals,  stamens,  and  sim- 


{de  pistils  are  homologoas  with 
eaves ;  225,  231 .    See  Analogous. 

Homolofjue :  an  homologous  part. 

HoiHdinaUoua  (leaves,  &c.) :  originating 
all  round  an  organ,  but  directed  or 
curved  round  to  one  side  of  it. 

Homomdrpltoua :  of  one  form. 

Homdlrofwtts,  or  homotropal  (embryo)  : 
curved  in  the  same  way  as  the  seed, 
as  in  the  Chickweed,  fig.  621. 

Hops,  475. 

Homy:  see  Comeoas. 

Horizontal  system,  50,  112. 

Hortus  Siccus:  same  as  herbariam. 

Huckleberry,  439. 

Hamiftise :  spreading  flat  on  the  ground. 

Humus,  Humic  acid,  57. 

Hualine :  transparent,  or  partly  so. 

Iiybrid:  a  cross-breed  between  individ- 
uals of  two  species,  357. 

Hydrangieie,  425. 

Hydrocbaridaceie,  487 

Hydroleacese,  or  HydrolesB,  452. 

Hydrophyllacee^,  451. 

Mydrophyie :  a  water-plant. 

Hydropterides,  .502. 

Huemm :  belonging  to  winter. 

Hyme'nium :  the  gills  of  Mushrooms,  &c, 
507. 

HymenophyllesB,  501. 

Hypdnthiuin :  a  naked  fleshy  receptacle, 
like  a  fig. 

Hvpericaceae,  394. 

liyi>o-y  in  Greek  derivatives  :  under. 

Hyitochilium :  the  under  part. of  the  lip 
of  Orcliids,  when  jointed  or  other- 
wise distinguishable. 

Hyjjocruierifbrmf  or,  more  properly, 

Ifypocraterimdrpkous :  salver-shaped  ; 
i.  e.  with  a  limb  spreading  flat  at 
right  angles  to  the  tube;  277,  fig. 
457. 

Hypogciious^  or  hypogcean  (flowers  or 
fruits) :  borne  under  ground,  76, 
78,  328. 

Hyf)&fynous:  growing  under  the  pistil, 
'  and  free,  2.50, 268,  280. 

H^f>ophyUous :  growing  on  the  lower 
side  of  a  le^. 

Hysteranthous :  plants  whose  leaves  ap- 
.  pear  later  than  the  blossoms,  as 
the  Red  Maple. 

Hysterophytal :  living  on  a  matrix,  either 
of  dead  or  living  organic  matter. 

Hysterophytes :  same  as  Fungi,  &c. 

Tcos-f  in  Greek  compounds :  twenty. 

Icosandria,  512. 

Icosdftdrous :  having  20  stamens  or  mora 

inserted  on  the  calyx,  280. 
Illecebreee,  396. 
Imbibition,  177. 
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Imbricate f  imbricated,  (mbricatire :  over- 
lapping, the  outer  coverinji:  the  in- 
ner, and  breaking^  joints,  like  tiles 
on  a  roof,  144,  269. 

Imtnarginate :  not  marpned. 

Immersed:  growing  wholly  under  water. 

Impari-pinnate :  pinnate  with  an  odd 
leaflet;  163,  fig.  288. 

Imperfect  flowers:  wanting  eidier  sta- 
mens or  pistils. 

Impregnation :  same  as  fertilization. 

Inane:  empty. 

Ituxinous:  iioary-white. 

Incised :  cut .  irregularly  and  sharply ; 
159,  fig  259. 

Included:  not  projecting  beyond;  en- 
closed. 

Incomplete  flower :  wanting  Rome  one  or 
more  kinds  of  organs,  259. 

Inerassaied:  thickened. 

Incrustations  in  cells,  58. 

I'ncubous :  the  apex  of  each  leaf  lying 
over  the  base  of  the  next,  as  in 
many  Hepaticae. 

Incumbent:  leaning  or  lying  upon : 
said  of  the  cotyledons  when  the 
radicle  lays  against  the  back  of  one 
of  them,  390,  326,  fig.  705 ;  or 
when  the  anther  lies  on  the  inner 
side  of  the  filament.  282. 

Incurved:  bent  or  curved  inwards. 

Indefinite:  either  uncertain  in  num- 
ber, or  too  many  to  be  readily 
counted,  242. 

Indefinite  (jroicth  J  100. 

Indefimte  inflorescence,  210. 

Indehfscent  (fruits) :  not  opening,  at 
least  not  in  a  regular  way,  310, 313. 

Indeterminate  infloreacence,  210. 

India-rubber,  57. 

Indigenous :  of  spontaneous  and  original 
growth  in  a  country. 

Indigo,  414,  415. 

Individual,  20,  131,  352. 

Individuality,  132,  352. 

Indumentum:  any  hairiness  or  downy 
covering. 

Inddplicate:  bent  or  folded  inwards, 
145,  273. 

Indtlsium:  the  proper  covering  of  the 
fruit-dots  of  Ferns ;  any  peculiar 
membranous  covering,  501. 

Inequilateral:  unequal-sided. 

Inferior:  underneath,  252 ;  or  same  as 
anterior:  thus  the  inferior  petal, 
&c.  is  the  same  as  the  anterior  one, 
237. 

Inflated:  bladdery. 

Inflexed:  abruptly  bent  inwards. 

Inflorescence,  209. 

Infra-axUlary :  originating  bdow  the 
axiL 


Infundibular,  infundHbuliform:  funnel- 
shaped  ;  i.  e.  a  tube  enlai^ng  up- 
wards ;  277,  fig.  1049. 

Irmate :  borne  directly  on  the  apex  of  a 
thing,  282. 

Innovations :  new  shoots  or  new  growths. 

Inorganic:  unorganized. 

Inorganic  constituents,  \79. 

Inosculating :  opening  into  each  other ; 
anastomosing,  49. 

Inserted:  attached  to,  224,  250. 

Insertion:  the  place  or  the  mode  of  junc- 
tion of  leaves  with  the  stem,  &c, 
133. 

Inter-,  in  composition :  between ;  as 

Intercellular :  between  the  cells. 

Intereelltdar  spaces  or  passage,  24,  50. 

Intercellular  stfstetn,  50. 

Interlaced  tissue,  48. 

Internal  glands,  51. 

IntemodeSj  92. 

Interp€tiofar :  between  the  petioles,  171. 

Inteiruptidly  pinnate,  164,  fig.  285. 

Intine:  the  inner  coat  of  a  pollen-grain. 

Intrafbliaceous :  within  or  before  a  leaf, 
1 71 ,  as  the  stipules  in  fig.  305. 

Introflexed:  bent  strongly  inwards. 

Intrdrse:  turned  inwards  towards  the 
axis,  282. 

Intruse:  appearing  as  if  poshed  inwards 
or  indented. 

Immerse :  inverted  ;  suspended. 

Involnc^late :  furnished  with  an 

Involuc^lum,  or  involucel:  a  secondary 
or  partial  involucre,  216. 

Involucrate:  provided  with  an 

Involucrum,  or  involucre:  an  outer  or 
accessory  covering ;  a  set  of  bracts 
surrounding  a  flower-cluster ;  214, 
fig.  321,  &c. 

Involute :  rolled  inwards,  144,  273. 

Ipecacuanha,  393,  .433. 

Iridaccae,  490. 

Irregular :  unequal  in  size  or  in  shape, 
2.^3,  277. 

Lregufarity,  253. 

IiTitability,  345. 

Isdchrous:  one-colored. 

Isoetinese,  502. 

Isdmerous,  or  isdmeric :  the  parts  equal  in 
number. 

Isost^monous :  the  stamens  as  many  as 
the  petals  or  sepals. 

Jalap,  455. 

Jasminacese,  459. 

Jelly,  55,  310. 

Jointed:  separate  or  separable  trans- 
versely into  pieces  (joints),  92. 

Juba :  a  loose  panicle,  as  of  Grasses. 

Juga :  the  ridges  of  the  fruit  of  Umbel- 
liferas,  426. 
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Juga :  the  pain  of  partial  petioles  or 
leaflets  of  a  pinnately-componnd 
leaf,  164. 

Jaf^landacctt,  476. 

Jnjabe,  408. 

Juiua :  a  name  for  a  catkin. 

Julaceoua :  shaped  like  or  resembling^  a 
catkin. 

JnncacesB,  496. 

JnncagineflB,  487. 

Juni^rmanniacese,  505. 

Janiper-berries,  480. 

Jate,  400. 

Ked:  see  Carina,  254. 

Keded:  furnished  with  a  keel  or  sharp 

rid(re  nndemeath. 
Kemd  of  an  ovale,  297,  or  seed,  822. 
Ken-fruit,  314. 
Kidnof'Shaped:  see  Beniform ;  157,  fig. 

245. 
Kin|;doni,  862,  15. 
Kinic  acid,  433. 
Kino,  414. 
Knot !  see  Node,  92. 
Knotted :  a  cylindrical  bodj  swollen  into 

knobs  at  interrals. 
KrameriacesB,  412. 

Labium :  the  lip,  or  lower  petal  of  an 

Orchideous  flower. 
LabiatiB,  450. 
Ldbiate:  two-lipped,  278. 
LabiatiflorsB,  436. 
Lac,  475. 
Lac(m€Ue :  slashed  ;  cut  into  narrow  in- 

cisions ;  these  are  called  ladnitB, 
Lactescent :  yielding  milky  jnice. 
Ldeunose :  full  of  depressions  or  exca- 
vations {lacttnie), 
LcuyUstrine:  belonging  to  lakes. 
Ladanum,  394. 

Loevigate:  smooth  as  if  polished. 
Lag^nijbrm:   shaped  like  a  Florence 

flask  (Idgena), 
Lalo,  399. 
Lcanitla :  thin  plates,  like  the  gills  of  an 

Agaric,  507,  &c. 
Ldmellar,  or  Idniellate :  composed  of  flat 

plates. 
Ldmina  (a  plate) :    the  blade  of  a  leaf, 

petal,  &c.,  145,276. 
Lanate,  ianote:  woolly;  i-  e.  clothed 

with  soft  interlaced  hairs. 
IjdnceolaJte:  lance-shaped ;  flg.  239. 
Lanvgiiwus :  cottony  or  woolly. 
Latent  hudSy  167. 
Lateral:  belonging,  or  attached  to,  the 

sides  of  an  oigan. 
Latex:  milky  or  proper  juice,  49. 
LatieiJeroM  tusue  or  re$M8,  49. 
LauraccA,  or  Laurinese,  466. 


Lax:  loose t   the  opposite  of  close  or 

crowded. 
Latftrinff,  102. 
Lpqf,  133. 

[Aaf-arrangement  (phyllotaxis),  133. 
Leaf-hud,  72,  93. 
Leaf-QToen^  58. 
Ledjtet :  a  separate  piece  or  partial  blade 

of  a  compound  leaf,  163. 
Leaf-€talk,  145, 170. 
Leafscarty  94. 
Leathery :  see  Foliaoeons. 
Tj^ume:  a  fruit  like  a  Pefr-pod,  315. 
Leguminc,  198. 

Lcguminosa  (Tjeguminous  Plants),  412. 
LeguminouM :  relating  to  l^vmes. 
Lemnaceae,  486. 
Lemon,  401 . 
Lentibulaceae,  445. 
LenticeU :  little  spots  on  the  bark,  whence 

roots  often  issue. 
Lenticular:  lens-shaped;  double-convex. 
Lentufinoee:  freckled,  or  dnsty^otted. 
fjepa)s :  sterile  transformed  stamens. 
Lepidate :  leprous ;  scaly  or  scurfy,.  52. 
Levcanthous :  white-flowered. 
Liber:  the  inner  flbrous  bork^  120,  127. 
Lid:  see  Operculum,  502. 
Lichenes  (Lichens),  505. 
lAchenclogy :  the  part  of  Botany  devoted 

to  Lichens. 
Licorice,  414. 

Ligneous :  woody  in  texture. 
Lignine,  36, 195. 
Lignom-vitsB,  405. 

Ligulate :  strap-shaped,  255 ;  having  a 
L^e:  a  strap>shaped  corolla,  255,  fig. 

325,  d;  the  appendage  between  the 

blade  and  the  sheath  of  the  leaf  in 

Grasses,  170. 
Ligultflorse,  436. 
Liguliflorous :  when  a  head  consists  of 

hgulate  flowers  only,  as  Cichory, 

flg.  823. 
LiliacesB,  493. 
Liliaceous:  lily-like,  276. 
Limb  (h'mbnSy  a  border) ;    the  expanded 

part  or  border  of  a  corolla,  calyx, 

&c.,  or  the  lamina  or  bl^de  of  a 

petal,  &C.,  145,  276. 
Limbate:  bordered. 
Lime,  401. 
LimnanthacesB,  404. 
Linace»,  402. 

Line:  the  twelfth  of  an  incii.    (In  deci- 
mal measures,  the  tcnth-of  an  inch. ) 
Linear :  narrow  and  much  longer  than 

broad,  the  two  maigins  paraUel; 

fig.  240. 
Lfneaie :  marked  with  lines. 
Uneoiate. :  marked  with  fine  or  obscura 

lines. 


GLOSSARY  AND  INDEX. 


539 


Lingtti/ormj  orltngvtlate:  toiiMWi  Asped, 

as  the  leayes  of  Hoand%-tong^e. . 
Lip:    the  two  lobes  a  bilabiitte  calyx 

or  corolla ;  the  lower  petal  of  an 

Orchideons  plant. 
LiUorcUf  or  litoral:  growing  On  shores. 
Livid :  pale  lead-color. 
Loasacete,  421. 
Lobe :  any  division  or  projecting  part 

of  an  organ,  especially  a  romided 

one,  275^ 
Lobedy  lobate:    divided  111(6  Mw ;  fig* 

260,264. 
Lobeliacese,  438. 

Ltfbiilate :  bearing  small  lobes  {l<fi)uli). 
Ldcellate:  having  secondaiy  cells   (or 

locelli). 
Loc€Uu»  (plural,  hcdU)  :  a  secondary 

cell,  or  a  division  of  a  cell. 
Ldculanveni^  316  ;  same  as  locuhu. 
Ldcular :  having  cells. 
Loculicidaly   or    haUidde :    dehiscence 

opening  directly  into  the  back  of  a 

cell;  316, flg.  583,  585. 
Ldcuhse:  partitioned  off  into  cells,  as 

the  pith  of  Poke,  &c. 
Ldctdus  (plural,  locati):  the  cells  of  an 

ovary,  anther,  &c. 
Loaisfa :  a  spikelet  or  flower-cluster  of 

Grasses  » 

LfidicaUa  (lodiculce):  the  minnte  scales 

inside  of  the  pales  of  Grasses,  497. 
Loganiacese,  433. 
liOgwood,  414. 
Loinent:  a  jointed  legume;   315,  fig. 

581. 
Lomentaceous :  bearing  or  resembling  a 

loment. 
Longiiadinat  tissue  or  system ,  4.5, 50, 112. 
*Lonicere8B,  431. 
Loranthacese,  469. 
Lorate:  thong-shaped. 
Lttcid:  shining. 

Lunate ;  crescent  or  half-moon  shaped. 
Lunulate :  diminutive  of  the  last. 
Lupuline :  waxy  grains  on  the  scales 

of  Hops. 
Lurid:  ding^  brown. 
Lutescent :  yellowish.  ( Luteus  ?  yellow). 
LycopodiaceiB,  501. 
l^cdtropous,  or  lycdtrapdl :  an  orthotro- 

pous  ovule  cwed  into  a  hors^ 

shoe  form. 
Lyrate^  lyre-shapedf  161,  fig.  138,  27fe. 
Lyratdy  pinnate^  164,  fig.  285. 
LythraceiB,  or  Lythariese,  418. 

Mace:  the  arillus  of  Nutmeg,  822,  883. 
Maculate:  spotted  or  blotch^. 
Madder,  432. 
Maenoliacee,  381. 
Mahogany,  401. 


MsiuEe,  4.98. 

Male  flower^  261. 

Malpighiaceft,  409. 

Malpighiaceous  hairs:  hairs    fixed    by 

their  middle,  as  in  the  foregoing 

order,  in  Comus,  &c. 
Malvaces,  397. 
MdmiiUUe,  or  mdmShr:  bearing  little 

prominences  on  the  surface. 
Mdmmeeform :  teat-shaped. 
Mammee«pple,  400. 
Mainmose :  bearing  Inger  prominences, 

like  breasts. 
Mango,  406. 
Man^teen,  400. 
Mameate  (gloved)  {   ecVTered    with    a 

Woolly  coat  whioh  may  be  stripped 

o^  whole. 
Manilla  hemp,  490. 
Manna;,  460. 
Manjf-cleft:  cut  as  far  as  the  middle 

into  several  divisionsv  159. 
Many-headed:  see  MulticipitoL 
MarantaceiB  :  see  Cannaceas 
Marceioent:  gradually  withering  wid^ 

out  falling  off,  279. 
Marchantiaceie,  .504. 
Marginal :  belonging  to  the  margin. 
Marginate :  fumishol  with  a  margin  of 

different  textnre  or  color  from  the 

rest. 
Maritime :  belonging  to  the  searshore. 
Markings  on  ceUs^  3,  6. 
Marmorate:  marbled. 
Marsiliacess,  502. 
Mas:   male,  masculine;  belonging  to 

the  stamens. 
Masked:  see  Personate,  278. 
Mealy :  see  Farinaceous. 
Medtat:  belonging  to  the  middle. 
Medulla:  pith,  118. 
Medullary  rays,  117,  119. 
Medullary  sheath,  119.  . 
MediUlose,  or  meduUary :  pith-like. 
Meioet^monotts :  havlo^^  fewer  vcamens 

than  petals. 
MelanospermesB,  509. 
Melanthaceie,  494. 
Mela^omacesB,  4 1 8. 
MeliacesB,  401. 
Melon,  423. 
Membranaceous,  or  membranous:  thin  and 

soft,  like  a  membrane. 
Meniscoid:  shaped  like  a  meniscas  or 

concavo-convex  lens. 
Menispermaceffi,  383. 
Mehyanihidee,  457. 
Merinckyma,  41. 

Jl/^Hcar7».*  half  a  cremocarp,  426. 
Merismdtic :  dividing  into  parts,  28. 
MMhaU :  a  name  for  an  intemode. 
MerauB^  in  Greek  compoanda :  the  purts 
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of  a  flower :  see  Dimerooa,  Trime- 
rous,  &c. 

MesembryanthemaceaS)  397. 

Minocarp :  the  middle  layer  of  a  peri- 
carp, 310.  ' 

Metovlddam :  the  middle  bark  or  green 
laver,  121. 

MeaopnyHum :  the  parenchyma  of  a  leaf 
between  the  skin  of  the  two  sur- 
faces. 

Metamorphosed:  that  which  has  under- 
gona. 

Metamoq^hosis :  the  transformation  of 
one  oi'gan  into  another  homologous 
one,  228,231. 

Mtnropijle:  the  orifice  of  a  seed,  298. 

Midrib:  the  central  or  main  rib,  155 

Milky  juice,  49. 

MimoseiB,  413. 

Mineral  constituents  of  plants,  179. 

Miniate :  Ycrmilion-color. 

Mitriform:  mitre-shaped,  503. 

MoUuf^ineie,  395. 

Monadelphia,  513. 

Monadelphous :  with  filaments  united 
into  a  tube,  or  ring ;  2 SO,  fig.  462. 

Monandria,512. 

Mondiidrous :  with  a  single  stamen,  279. 

Mondnthous :  one-flowered. 

Moniltfomi :  necklace-shaped  ;  cylin- 
drical and  contracted  at  intervals. 

Monimiacete,  382. 

Monkey-bread,  399. 

Mono-,  in  Greek  compounds:  one  or 
single. 

Monocdrpdlarji :  of  one  carpel. 

MonocdrpiCf  or  monocdrpian :  once-fruit- 
ing, 101. 

Monoce'phalous :  bearing  a  single  head. 

Monochlamydeous :  with  a  single  floral 
envelope  ;  i.  e.  apetalous,  260. 

Monoclinous :  hermapnrodite. 

Monocotyledonous :  one-cotyledoned,  79, 
326. 

Monocotyledons  or  Monocotyledonous 
Plants,  113,  326,  370,  482. 

Monoecia,  513. 

Monoecious:  stamens  and  pistils  in  sep- 
arate flowers  on  the  same  individ- 
ual, 262. 

Monogamia,  516. 

Monogynia,  515. 

Mondgynous :  with  one  pistil  or  style,  287. 

Monoicous :  same  as  monoecious. 

Mondmerous:  the  parts  of  the  flower 
single,  234. 

Monopdtalous :  one-pe  tailed,  but  it  is 
used  for  gamopetalous,  viz.  petals 
more  or  less  united  into  one  bodv, 
249,  275. 

Monophylloua :  one-leaved,  of  one  piece, 
275. 


Mondpterous:  one-winged. 

Monopyrenous :  one-«toned. 

Monosepaious ;  the  caiyx  of  one  piece, 
249. 

Monospe'nnous :  one-seeded. 

MondslicJious :  in  one  vertical  rank, 
134. 

Mondstyloiis :  with  one  style. 

Moiiotroi^eie,  or  Monotropaces,  440. 

Monster y  mouMrons  (430) :  developed  in 
an  unnatural  manner. 

Moq)hine,  57. 

Morphology,  14,  60,  224. 

Mdrf)liosis :  the  manner  of  development 

Moschate  *  exhaling  the  odor  of  musk. 

Moulds,  65. 

Mucilage :  dissolved  vegetable  jelly,  or 
dextrine,  5.%  193. 

Mucilaginous,  mtioose,  or  mucous :  slimy. 

Mucro :  a  short,  sharp  point. 

Mucronate :  abruptly  tipped  with  a  mu- 
cro ;  162,  fig.  276,  231. 

Mucrdmdate :  tipped  with  a  minute  mu- 
cro. 

Mulberry,  475. 

Mule :  a  iiybrid. 

Multangular :  many-angled. 

3/ti///-,  in  Latin  derivatives :  many;  as, 

MuUicipital  (mititiceps)  :  many-headed; 
murnerc  several  buds  or  shoots  pro- 
ceed from  the  crown  of  one  root. 

Multifarious :  manv-sided. 

Miiltijid:  many-cleft,  159. 

Multiflorous :  many-flowored. 

Multijugate :  in  many  pair.?. 

Multildcular :  many-celled. 

Multipl£:  compound. 

Multiple /rw/s,  309,  318. 

Miiltisdrial:  in  several  horizontal  ranks. 

Multiseplate :  many-partitioned. 

Muricater  rough  with  short  and  hard 
points. 

Muriculate:  minutely  muricate. 

MusacesB,  490. 

Muscardine,  508. 

Muscariform :  brush-shaped. 

Musci  (Mosses),  502. 

Musciform:  moss-like. 

Muscology:  the  department  of  Botany 
which  treats  of  Mosses. 

Mustard,  389. 

Mdticous:  pointless;  blunt 

Mucdlium,  507. 

Mycdlogy,  or  Mycetdlogy:  the  depart- 
ment of  Botany  which  treats  of 
Fungi. 

M^cropyle :  see  Micropyle. 

Myricaceae,  477. 

Myrsinaceffi,  443. 

Myristicacese,  383. 

Myrrh,  407. 

MyrtaceiB,  418. 
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Naiadacca,  487. 

Naked  Jiovoen :  same  as  aclilaniTdcous  ', 
or  destitute  of  involucre,  &c. 

Nakfd  oiTtUes  and  seeds,  296,  320. 

Names  of  species  and  genera,  363 ;  of 
orders,  tribes,  &c.,  373. 

Ndpiform:  turnip-shaped,  84. 

Nalant:  floating  under  water. 

Natural  system,  365,  366. 

Naturalized:  species  introduced,  but 
growing  completely  spontaneous, 
and  propagating  by  seed. 

Navicular:  boat-shaped. 

Neitulose:  clouded.  • 

Neck:  the  junction  of  root  and  stem. 

Necklace-shaped:  see  Moniliform. 

Nectar :  the  honey  of  a  flower,  or  any 
sweetish  exudation. 

Nectary  (nectar turn) :  a  place  or  thing 
in  which  nectar  is  secreted :  for- 
merly applied  also  to  any  anoma- 
lous part  or  appendage  of  a  flower, 
whether  known  to  secrete  honey  or 
not,  as  to  the  spur-shapcd  petals  of 
Aquilegia,  flg.  647,  or  tlie  two 
singular-shaped  petals  of  Aconi- 
tum,  257,  fig.  402,  404. 

Needie^aped:  see  Accrose. 

Nelumbiaceae  (Nelumbo),  385. 

N^nieous:  filameutose;  composed  of 
threads. 

Nervation :  the  arrangement  of  the 

Nerves:  parallel  and  simple  veins. 

Nerved:  nervate;  furnished  with  nerves, 
154. 

Nervose :  abounding  in  nerves. 

Netted:  same  as  reticulated. 

Nettrd-veined,  154. 

Neurose:  same  as  nervose. 

Neutral :  witiiout  sexes. 

Neutral  flovoers :  having  neither  stamen 
nor  pistil,  263,  436. 

Neutral  quaternary  products,  196. 

New  Zealand  Hemp,  492. 

NidiUant:  nestling  in. 

Nitid  (uitidiis) :   smooth  and  shining. 

Niveous :  snow-white. 

Nodding:  curved  so  that  the  apex 
hangs  down. 

Node  (knot) :  the  place  on  a  stem 
where  a  leaf  is  attached,  92. 

Nodose :  knotty ;  swollen  in  some  parts, 
contracted  at  others. 

Nddulase:  diminutive  of  the  last. 

Normal:  according  to  rule. 

Notate:  marked  by  spots  or  lines. 

Notorhizal:  the  radicle  bent  round  to 
the  hack  of  one  cotyledon ;  same 
as  incumbent. 

Nucumentaceous :  nut-like. 

NiirelU :  same  as  nucleus. 

Niici/orm:  nut-like. 
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Nucleus:  the  kernel,  297,  320, 322. 

Nucleus  of  a  cell,  26. 

Nuculanium :  a  name  for  a  berry  like  a 
grape. 

Nucule :  a  diminutive  nut,  stone,  or 
kernel. 

Nuctilose:  containing  nucules  or  nut- 
lets. 

Numerous :  same  as  indefinite. 

Nut,  314. 

Nutlet :  a  small  nut,  or  the  small  stone 
of  a  iieny-like  drupe. 

Nutmeg,  383. 

Nutant:  nodding. 

Nutrition,  61,  177. 

Nux-vomica,  434. 

Nyctaginacese,  463. 

NymphffiaceiB,  385. 

Oat,  498. 

Ob-  (over  against)  signifies  inversely ; 
as, 

Obcompressed :  flattened  fore  and  aft,  in- 
stead of  laterally. 

Obcdrdate:  heart-shaped  inverted ;  162, 
fig.  274,  233. 

ObldnceokUe :  lance-shaped,  but  broader 
upwards. 

Oblique^  rcfening  to  shape,  unequal- 
sided,  165.    ' 

Obliteration,  309. 

Oblong:  elliptical,  or  approaching  it, 
and  much  longer  than  wide ;  tig. 
242. 

Obdoate:  inversely  ovate ;  157,  fig.  232. 

Obtuse:  blunt;  the  apex  an  obtuse  an- 
gle; 162,  fig.  270,236. 

Obverse:  same  as  ob. 

Obvolute :  a  modification  of  convolute, 
145. 

Ocdlate :   eyed ;    a  circular    patch  of 

,     color  within  another  patch. 

Ochrea  (a  boot) :  a  tubular  stipule ; 
.   .  171,  fig.  305. 

Ochreate :  i^mished  with  oehrcae. 

Ochroltucous:  ochre-colorcd  (pale  dull 
yellow)  verging  to  white. 

Octo^:  eight;  in  composition  in  such 
words  as  the  following. 

Octagynia,  515. 

Octdgynous :  with  eight  pistils  or  styles. 

Octdmerous :  the  parts  in  eights. 

Octandria,  512. 

Octdndrous :  with  eight  stamens. 

Octop^alous :  of  eight  petals,  276. 

O'cmate :  eyed ;  same  as  ocellatc. 

Officinal  (tielonging  to  the  shop) :  ap- 
plied to  puints,  &c.  used  in  medi- 
cine or  the  arts. 

Offset,  102. 

Oilnut,  469. 

Oils,  56,  57. 
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Okra,  MS. 

Oleaceas,  459. 

Oleraceoui :  of  tho  natnre  of,  or  fit  for, 
pot-herbs. 

OUjfth,  in  Greek  deriTatWes  :  few ;  m 

Ofigtindrtmt :  having  few  stamens. 

Otifjosp^rmom :  few-seeded. 

Olive,  Olive^il,  460. 

OnagraceA,  419. 

One-celled  plants,  61. 

Onesidad:  see  Secund  and  UnilaterBl. 

OSphondla :  the  larger  and  compound 
spores  of  Lycoj^iaoes. 

Opaque:  tho  reverse  of  shining ;  dull. 

Op^rculnte:  famished  with  a  lid  or 

Op&culum:  a  lid,  such  as  that  of  the 
spore-case  of  Mosses,  503. 

Ophiogloflscie,  501. 

Opium,  389. 

Opposite  (leaves,  &c.) :  opposed  to  alter- 
nate, that  is,  placed  over  against 
each  other,  78,97,  133,  141.  A 
stamen,  &e.  is  said  to  be  opposite 
a  petal,  iKJien  it  stands  before  it 
(248),  as  in  fig.  435  and  670. 

OppositifoUous :  op|X>site  a  leaf,  as  the 
temlrils  of  Vitis,  fig.  767,  and  tl)c 
peduncles  of  Phytolacca,  fig.  1086. 

Orange,  401 . 

Orbicular :  circular  in  outline. 

Orchidaccie,  488. 

Orders,  359. 

Ordinal :  relating  to  orders. 

Organic  constituents^  179,  180. 

Organization,  17. 

OrgawSgraphiff  14,  60. 

Oi^ndgeny  :  the  development  or  for- 
mation of  organs,  268. 

Organs^  18. 

Organs  of  Reproduction  ^  70. 

Organs  of  Vegetation,  68,  70,  204. 

Orobanchacete,  446. 

Orris-root,  491. 

Ortkopldceous  (embryo) :  with  incum- 
bent and  conduplicate  cotyledons, 
as  in  Mustard. 

OrthdtropouSy  or  orthdtropal  ovale ;  298, 
fig.  526.  The  term  when  applied 
to  the  embryo  is  used  as  the  con- 
trary of  antitropous,  i.  e.  having 
tiie  radicle  next  the  hilum,  as  in 
an  anatropous  seed. 

Osage  Orange,  475. 

OsmnndacesB,  or  Osmttndinefle,  501. 

Osseous :  of  the  texture  of  bone. 

Ouari  Poison,  434. 

0ml:  broadly  elliptical;  157,  fig.  229. 

O'vary  .•  the  ovule-bearing  portion  of  a 
pistil,  223,  287. 

OocUe :  egg-shaped,  or  like  the  longitu- 
dinal section  of  an  egg,  Qg.  241 . 

Ovoid:  a  solid  ovate  or  ovok 


drndah,    ooffM,  or  amUtfirous :    bear* 
.      ing  ovules. 

Ovul4: :  an  unimprcgnated  seed  or  body 
destined  to  b^me  a  seed,  22^ 
297. 
Oxalidaceae,  404. 

Palate:  an  inward  projection  of  the 
lower  li])  of  a  pnersonate  corolla; 
278,  fig.  459,  460. 

Pdlea,  or  pcdtt:  a  chaff;  one  of  the 
bracts  on  the  receptacle  of  Com- 
posttsB,  215,  435 ;  one  of  the  inner 
oracta  or  glumes  of  Grasses,  497. 

Pal^dceous :  diaff-like,  or  bearing  chaff. 

PaUbla:  diminutive  of  palea;  one  of 
the  minute  innermost  scales  of  the 
flower  of  Grasses.  See  Squa- 
mella. 

Palmas  (Palms),  484. 

Paltnate :  lobod  or  divided  so  that  the 
sinuses  all  point  to  the  apex  of  the 
nctiole,  either  moderately,  as  in  a 
Maple-leaf,  or  so  as  to  make  the 
Icar  compound,  as  in  Horseohest- 
nnt,  when  it  is  the  same  as  Digitate ; 
161,  163, 164. 

Palmatelu  lobed^  deHy  parted^  &c.,  161. 

Pal.mateh  2  -  plurifoliolate,  164. 

PalmaMu  veined^  156. 

Pahndtijid:  palmatcly  cleft;  fig.  265. 

Palmdtisecir  palmately  divid^;  fig. 
267. 

PcUudosSfpalustrtHe:  inhabiting  marshes. 

Pandanaceas,  485. 

Pdndurate,  or  pandtiriform :  same  as 
fiddle-shaped. 

Panicle :  a  raceme,  branched  irregular- 
ly; 216,  fig.  326. 

Paniaedf  or  pwUculaU:  arranged  in  a 
panide. 

Papaveracese,  388. 

Papaw,  383,  422. 

PapayacesB,  422. 

Papery :.  of  the  consistence  of  letter- 
paper. 

Papilionacen,  413. 

PctpUionaoeous:  bntterfly-like,  253. 

Pdpillosef  or  pdpillate:  bearing  small, 
soft  projections  (papillse,  nipples 
or  pimples). 

PapposBi  or  papipiferfms  :  bearing  a 

Pappus  (thistle-down),  260,  314, 435. 

Papyraaeous:  papery. 

Papyrus,  496. 

ParacoroUa :  an  appendage  or  duplicate 
of  a  corolla,  such  aA  was  once 
called  a  nectary. 

ParaUel'Veined  or  nerved,  154. 

Pardphysis:  jointed  thread-like  bodies 
accompanying  the  pistillidia  of 
Mosses. 
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parasitic  plants,  or  Parasites:  living  on 

the  juices  of  other  plants,  88. 
Parast^mon  :  same  as  Staminodium. 
Parenchyma:  soft  cellular  tissue,  41. 
Parietal :  attached  or  belonging  to  the 

walls,  292. 
ParHetes :  walls  of  an  ovary,  &c. 
Paripinnate:  same  as  abruptly  pinnate, 

163. 
PamassiacesB,  394; 
Parsnip,  426. 
Partedf  or  partite :  cut  almost  through ; 

160,  fie.  262,  266. 
Partiai  peduncle,  211. 
Partial  petiole,  164. 
Partial  umbel,  216. 
Parthenogenesis,  300,  340. 
PassifloracesB  (Passion-flowers),  422. 
Pat^lli/orm :  kneepan-shaped. 
Patent :  spreading  wide  open. 
Pdtulous :  moderately  spreading. 
Pauci-,  in  Latin  derivatives  :  few ;  as 
Paucifl6rous:  few-flowered.. 
Peach,  415. 
Pear,  416. . 
Pear-shaped:    ovoid  at  the  extremity, 

conical  at  the  base. 
P€ctinate  :  pinnatifid  with  closc^et  and 

equal  lobes,  like  the  teeth  of  a  comb 

{pecten)y  160. 
Pectme,  and  Pectic  acid,  55,  310. 
Pedaie :  palmate,  with  the  lateral  lobes 

again  lobed ;  appearing  like  a  bird's 

foot,  161,  fig.  249. 
Pedaielu :  in  a  pedate  mode. 
Pedicel:  the  stalk  of  a  particular  flower, 

211. 
P€diceUate,  pedicdled:   having  a  pedi- 
cel. 
Peduncle:    fk  flower-stalk'  in  general. 

either  of  one  blossom  or  a  whole 

cluster,  211. 
PedUnctdate^  pedunded :    having  a  pe- 
duncle. 
Peloria,  278. 
Peltate:  shield-form  or  target-shaped; 

fixed' by  the  centre  or  some  part 

of  the  lower  sur&ce ;  fig.  248,  681. 
Pdtinerved:  peltately  veined. 
Pdoifbrm :  open  cup-shaped. 
Pendent,  pendulous :  hanging  down. 
Perdcillate^  pentcillifairm :  tipped  with  a 

brush  of  hairs,  like  a  camers-hair 

pencil. 
Pennate :  same  as  pinnate. 
Penniform:  feather-like. 
PAintnerved:  same  as  pinnately  nerved 

or  veined.. 
Pentd-,  in  Greek  derivatives :  five ;  as 
Pentacdrpellary :  of  five  carpels. 
Petitacdccous :  of  five  coccL 
Pcntagynia,  515. 


Pentdfjjfnous :  with  five  pistils  or  styles, 
287. 

Pentdmcrous :  of  five  parts ;  234,  239, 
fig.  354. 

Pentandria,  512. 

Pentdndrous :  having  five  stamens,  279. 

Pentqpetalotts :  of  five  petals,  276. 

Pentaph^Jous :  fivc-leaved,  275. 

Pentdpterous :  five-winged. 

Pentasepaious :  of  five  sepals,  274. 

Pentdstichous :  in  five  vertical  ranks, 
135. 

Pepo:  a  Gonrd-fruit,  312. 

Pepper,  456,  469. 

Perennial:  lasting  year  after  year,  84. 

Perfect  Jlower:  one  having  both  stamens 
and  pistils,  261. 

Perfiliate:  when  the  stem  appears  to 
pass  through  the  leaf;  165,  fig. 
293,  294. 

Perforate :  pierced  with  holes,  or  having 
transparent  dots  which  look  like 
holes. 

Pergam/neotts,  or  pergamentdccous :  like 
parchment. 

Peri-,  in  Greek  derivatives  :  around. 

Perianth  (peridntkivm) :  the  floral  en- 
velopes collectively,  cither  of  one 
set  (calyx)  or  of  two  sets  (calyx 
and  corolla),  222. 

PAncarp :  the  ovary  in  fruit,  808. 

Pericdrjn'c :  belonging  to  the  pericarp. 

Pericho'tial :  relating  to  the 

P^richfuth,  or  perichatium:  the  cluster 
of  peculiar  leaves  surrounding  the 
base  of  the  Iruit-stalk  of  Mosses. 

Peridinium  :  a  name  for  the  involucre 
of  Composite. 

Piridemi :  same  as  Epiphloeum. 

P€rigone,  or  perig6niuiH :  same  as  Peri- 
anth. 

Perigynium :  bristles  or  other  organs,  of 
doubtful  nature,  around  the  pistil  in 
CypcracesB,  497; 

Perigynbus :  borne  on  the  calvx ;  liter- 
ally around  the  ovary ;  i.  e.  when 
the  petals  or  stamens  are  adnote  to 
the  base  of  the  ovary  or  to  the 
ealyx ;  254,  .268,  fig.  388, 389, 281. 

Peripetahus :  around  the  petals. 

Peripheric:  surrounding  the  circumfer- 
ence. 325 ;  as  the  embryo  around 
the  albumen  in  fig.  621. 

Pirisperm:  the  albumen  of  the  seed, 
322,  or  that  albumen  which  i» 
formed  in  the  tissue  of  the  nucleus, 
823. 

Pdristome,  502. 

Peritropous^  peritfopoi  (seed) :  horizon- 
tal to  the  axis  of  the  fruit 

Perpendicular  system  of  the  stem,  112. 

Persimmon,  443. 
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PenuittU :  nmaininf^,  m  the  Icares  of 
evergreens  through  the  winter,  1 72 ; 
and  the  calyx,  &c.  of  many  plants 
nntil  the  fruit  is  formed,  279. 

P/nonaie :  maitked  ;  278,  fig.  459, 
460. 

Perfuse :  having  slits  or  holes. 

Peru/ate:  having ;j^/Wcb  or  bad-scales. 

Peruvian  Bark,  432. 

Ptftal :  a  leaf  of  the  corolla,  222. 

PettUtney  or  p^aloid:  petal-like,  in  color 
and  textare,  260. 

Petiolar  :  borne  on  the  petiole. 

J^Aioiate,  peJtioUd :  having  a  petiole. 

Petiole:  leafstalk,  145,  170. 

Pttidiuiate:  the  leaflet  stalked,  164. 

Petiolule:  the  stalk  of  a  leaflet,  164. 

Ph(Bn^gamou8t  or  phanerdffamous :  hav- 
ing manifest  flowers,  69. 

Phflenogamous  or  Phanerogamous 
Plants,  69,  369,  375. 

Phalanges:  bundles  of  adelphous  or 
clustered  stamens. 

Phordnthium:  the  receptacle  of  Com- 
posite. 

PhrymaceiB,  450. 

Phycdlogif :  same  as  Algology. 

Phylla :  leaves,  274.  -phi/lhus :  leaved, 
as  ^fihylhuBy  three-leaved,  &c. 

Phyllod(neou8 :  bearing  or  resembling  a 

PhyUddium:  a  dilated  petiole  taking 
the  place  of  a  blade,  170. 

Phyllotdxis,  or  phyllotdxy,  133. 

Physiological  Botany,  14,  17. 

PhytelephantesB,  485. 

PhyUigraphy :  descriptive  Botany. 

PhytolaccacetB,  463. 

Phytdlogy :  Botany  in  generaL 

Phyton :  a  simple  plant-individual,  or 
plant-element,  96. 

Phut(ftomy:  vegetable  anatomy,  14. 

Ptleaie^  pdeiform  :  like  a  cap  or 

Piletu,  607. 

PUeorhiza :  the  cap  of  a  root,  as  found . 
in  some  aquatic  plants ;  fig.  102. 

Piliferous :  bearing  or  tipped  with  hairs 
ipUi), 

Pilose:  hairy,  as  distingtushed  from 
woolly  or  downy ;  u  o  distinct  and 
straight,  but  not  rigid  hairs. 

PHosity  .'Hairiness. 

Pimento,  418. 

Pine-apple,  492. 

Pincy  Tallow,  400. 

Pink-root,  435. 

Pinna :  one  of  the  primary  divisions  of 
a  pinnately  compound  leaf,  1 64. 

PlnnaUy  pinnated:  a  compound  leaf 
with  leaflets  arranged  along  the 
sides  of  a  common  petiole  ;  163, 
fig.  288-290. 

Pinnately  chji^  lobed^  parted,  &c.,  160. 


Pinnately  S^pluri/oliolate^  &c.,  164. 

Pinnately  veined,  155,  160. 

Pinndtijid:  pinnately  cleft ;  fig.  261. 

Pinudtisect:  pinnately  divided;  fig. 
263. 

Pinnule :  a  secondary  division  of  a  pin- 
nately compound  leaf. 

Piperaceie,  469. 

Piperine,  469. 

Pisiform:  pea-shaped. 

Pistachio-nut,  406. 

Pistil:  the  ovule-bearing  organ  of  a 
flower,  223,  287. 

Pistillate :  furnished  with  pistils,  or  pis- 
tils only,  261. 

Pistillidimn,  337. 

Pitch,  480. 

Pitchers:  see  Ascidiam  ;  169,  387,  fig. 
299-301. 

Pitch&r-skaped :  campanulate  or  tubular, 
but  with  a  narrower  mouth. 

Pith,  118. 

Pits,  37. 

Pitted :  marked  with  small  depressions. 

Pitted  tissue,  45. 

Placenta :  the  place  or  part  of  the  ovary 
which  bears  the  ovules  or  seeds, 
289. 

Placentation :  the  arrangement  of  pla- 
centae. 

Placentiferous :  bearing  the  placentae. 

Plac^nttform  :  nearly  the  same  as  quoit- 
shaped. 

Plaited:  see  Plicate,  273. 

Plane:  flat. 

Plantaginacese,  444. 

Platanaceae,  476. 

Platycdrpotts :  broad-fruited. 

PUio-,  in  Greek  derivatives :  full  of,  or 
many ;  as 

Pleiospermous :  many-seeded,  &c 

Pleurknchyma :  woody  tissue,  41. 

Pleurorh^al :  embryo  with  the  radicle 
lying  against  the  side  or  edge  of 
the  cotyledons;  same  as  accom- 
bent. 

Plicate,  plicative :  thrown  into  longitu- 
dinal plaits  {pUca)',  folded,  144, 
273. 

Plum,  415. 

Plumbaginacese,  444. 

Plwttose :  feathered ;  when  bristles,  &c. 
have  flne  hairs  on  each  side  like 
the  plume  of  a  feather,  as  the  pap- 
pus of  Thistles,  &c. ;  fig.  890. 

Plumule :  the  bud  or  growing  point  of 
the  embryo  above  the  cotyledons, 
71,324. 

Pluri-,  in  words  of  Latin  origin ;  sev- 
eral, at  least  more  than  one ;  as 

Pluriflorom :  several-flowered. 

PlurtfiHolate :  bearing  several  leaflets. 
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Plurilifctdar :  sercral-celled. 
Pck'ulijbrm :  deep  cup-shaped. 
Pod:  a  dry  dehiscent  fruit,  315. 
Podospenn :  seed-stalk,  297. 
PodostemacesB,  471. 
Pointless :  see  Muticous. 
Poiniletied:  same  as  Apicalate. 
Polemoniaceae,  453. 
Pollen :  the  contents  of  the  anther,  223, 

285. 
Pollen-tube,  286,  302. 
PoUinia  :  pollen-masses,  286,  489. 
PolUnxferoas :  bearing  pollen. 
Poly-,  in  Greek  compounds  :  numeroas. 
Polyadelphia,  513. 
Polyaddphous :  having  the  filaments  in 

several  sets,  280. 
Polyandria.  512. 
Polydndrous :   with  numerous  stamens, 

especially  when   inserted   on   tlie 

receptacle,  242,  280. 
Pofudnthous :  many-flowered. 
Polycdrpic:  fruiting  many  times,  i.  e. 

year  after  year ;  perennial,  101. 
Polyc^phaloas :  bearing  many  heads. 
Polydadous:  much-branched. 
Polycffccous :  of  several  cocci. 
Pofycotyle'dono  is :  having  several  cotyle- 
dons, 79,  3i6. 
Polygalaccffi,  411. 
Polygamia,  513,  515. 
Polygamous:  having  both  perfect  and 

separated  tlowere,  262. 
Polygonaceae,  46.i. 
Poiygonous:  many-angled. 
Polygyna,  515. 
Polyyynous:   with  numerous  pistils  or 

styles,  287. 
Poiymarous :  formed  of  many  members. 
Polymdrphous :  various  in  form. 
Polyp^lalous :    having   distinct    petals, 

249,  275. 
Pdlyphore:   a  common   receptacle    of 

many  carpels,  as  in  Strawberry. 
Pdyphyllous :     many-leaved  or  several- 
leaved,  275. 
Polypbdiaceae,  or  Polypodine»,  501. 
Polyrhizal:  many-rooted. 
Potys^fHiloiis :  of  two  or  more  distinct  | 

sepals,  249,  275. 
PoUifsp^rmous :  many*seedcd. 
Polpsporous:  containing  many  spores. 
Polyat^monous  :  with  many  stamcDB. 
Ponie:  an  apple,  pear,  &c.,  312. 
Ponieie,  or  Pomacess,  416. 
Pomegranate,  418. 
Point ferous :  pome-bearing. 
Pomhlojiy :   the  department  of  Botany 

i-ciating  to  fruits. 
Pontederiiiceae,  495. 
Porose:  porous,  having  holes. 
Portulacucca3,  396. 
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Posterior  (in  the  flower)  .  next  the  com- 
mon axis,  237. 

Pdsticoas:  same  as  extrorse.  4 

Potato,  456,  455. 

Pouch:  see  Silicle, 317. 

Prcefloration :  same  as  Estivation,  269. 

Prcefdiation :  same  as  Vernation,  143. 

Prcemdrse :  as  if  bitten  off. 

Pricklu :  armed  with 

Prickles,  52. 

Priinine :  outer  coat  of  the  ovule,  298. 

Primdi'ditd  leaves,  143  ;  utricle,  26. 

Primulacese,  443. 

PrisnuUic^  nrismatical :  with  flat  longi- 
tudinal faces,  separated  by  angles. 

Process :  any  projection  from  a  surface. 

Procumbent:  lying  along  the  ground, 
102. 

Produced :  prolonged  or  extended. 

Pro-e.mb'ryo,  338. 

Proliferous  (bearing offspring) :  develop- 
ing new  branches,  flowers,  &c.  from 
the  older  ones,  or  from  unusual 
places. 

Prone :  lying  face  downwards. 

Proper  juices,  57. 

Prose'nchymay  41. 

Prose'nfhesis,  236. 

Prostrate ;  lying  flat  on  the  ground,  102. 

Proteaceee,  468. 

Proteine,  27,  53,  57,  196. 

Proterdntlious :  where  flowers  are  pro- 
duced earlier  than  the  leaves. 

Prothdllus,  or  protothallus,  338. 

Protophytes  :  Algae  and  Lichenes  ara 
so  called. 

Prdtoplasm^  26,  53,  57,  196. 

Pruitiate,  pruinose:  as  if  frosted  over. 

Prunifonn :  plum-shaped. 

Pseudo-bulb :  a  kind  of  corm,  as  of  epi- 
phytic Orchidacees. 

Pseudo-parasitic:  same  as  epiphytic. 

Pterocdrpous :  wing-fraited. 

Pteroid:  wing'like. 

Pub^ent :  clothed  with  soft  or  downy 
hairs,  or  pubescence. 

Pugidnifonn :  dagger-shaped. 

Pulque,  491. 

Pulse,  413. 

Pulvei-aceoua,  or  pulverulent:  dusty  or 
powdery  on  the  surface. 

PiUmnate :  cushioned. 

Ptdvinus  (a  cushion) :  an  enlargement 
at  or  below  the  base  of  a  leafstalk. 

Pumpkin,  423. 

Punctate:  dotted  as  if  by  punctures. 

Pungent:  pricking;  rigid-pointed. 

Pustulate:  blistered. 

Putdmen :  the  stone  or  shell  of  a  drupe, 
310,312. 

Pyr^nce :  the  stones  of  small  drupes ; 
same  as  nucules. 
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Pypoleie,  or  Fyrolaceie,  440. 
P^sidatit :  furnished  with  a  lid,  liko  a 
fifxfdium,  or  pifria :  a  pod  opening  hj  a 
lid;  S17,*iig.  575,  588,  950,  &c, 

Quadrdnqular :  four-angled. 

Qttadri'f  in  Latin  compounds :  four. 

Q'laffHfhriouM :  in    four  rertical  ranks. 

Qtiddrifid:  four-cleft 

Quadrijifliate :  four-leaved. 

UHodnfif/hlate :  of  (bur  leaflets. 

Qtadrijugate :  four-paired. 

QtuMdnpartiU:  four-parted. 

Quandang-nuts,  460. 

Quassia,  405. 

Qitattfnmrif :  consisting  of  four,  239. 

Qnatcmary  products,  53,  57,  196. 

Quat€fnati:  in  fours. 

Quercitron,  Qucrcine,  476. 

Qtfi'n-,  in   Latin  compounds :  five  in 

number. 
Qfu'narif :  consisting  of  five,  234,  239. 
Qninaie :  in  fives. 
Quince,  416. 
Qtanaincial:  five-ranked ;  in  a  quincunx, 

135,  270 
Quinine,  Quinia,  57,  43.1. 
Qninqwffarione :  five-ranked. 
Qmnquefiliate :  five- leaved. 
Quinquef6liolat€ :  of  five  leaflets. 
Qiunquefdcuiar :  five-celled. 
Quinquina  Bark,  433. 
QfiintujiU :  dividing  into  five  parts. 
QmnlupU-rilibed^  or 
Quintdpli'tiervedf  156. 

Race:  a  varietv  perpetnable  by  eeed, 
356. 

Rdcerne. :  an  indefinite  inflorescence  with 
single  pedicelled  fiowers  arranged 
along  a  prolonged  axis;  211,  fig. 
307. 

Rncetni/erous  :  bearing  racemes. 

Jlacemiform :  resembling  a  raceme 

Rdcemose:  bearing  or  resembling  rar 
cemes. 

Rachis :  see  Rhachis. 

Radial:  belonging  to  the  border  or  ray. 

Rddiate,  radiant:  spreading  from  or 
arranged  around  a  centre ;  having 
rays. 

Rddiated-veirud,  156. 

Rddical :  relating  to  the  root  (radix). 

Radical  leaves :  those  apparently  spring- 
ing from  the  root,  143. 

Rddicant:  rooting. 

Radicd:  a  diminutive  root  or  rootlet 

ttadicifldrwa :  flowering  from  the  root, 
or  apparently  so. 

Riidiciform :  appearing  like  a  root. 

Radicle :  a  diminutive  root ;  the  part  of 


an  embiyo  below  the  cotvlcdons, 

71,  824. 
Radii:  rays. 
Rafflesiacese,  463. 
Ramalf  or  rameal :  relating  to  branches, 

143. 
Ram€ntay  raments:  thin  chaffy  scales  in 

place  of  hairs. 
Ramentdreo*t8 :  bearing  raments,  as  the 

stalks  of  many  Ferns. 
Ramijication,  97. 

Rdmyfloroiu :  flowering  on  the  branches. 
Ramose:     bearing    branches    (rami)  ; 

branchy. 
Rdmulose:    bearing    many   branchlets 

(rtfwii/i). 
Ranunculaoce,  380. 
Raphe :  see  Rliaphe. 
Raphides :  crystids  in  plants,  59 
Rare:  thinly  set;  sparse  or  few. 
Raspberry,  416. 
Ra^ :  the  marginal  flowers  of  a  head, 

when  different  from  the  rest,  436 ; 

the  branches  of  an  umbel,  &c. 
Raf^flower^  436. 

Receptacle  of  the  flower,  224,  266. 
Receptacle  of  inflorescence,  211,  215. 
Recess:  same  as  sinus. 
Ridinate^  reclined:   falling  or  turned 

downwards. 
Ridinerved:  parallel-veined. 
Rectis^al:  in  rectilinear  ranks,  141. 
Reairved:    curved,  especially    curved 

backvrards. 
RedtipliccUe,  redtipUcaUvej  273. 
Refl€xed :  bent  downwards  or   back- 
wards. 
Rf>fracted:  suddenly  bent  backwards. 
Regular :  the  members  alike  in  size  and 

form,  239,  277. 
Rinifirm:    kidncv-shaped ;    same    as 

round-heart-shaped,  but  the  breadth 

greater  than  the  length ;  fig.  245. 
Repdnd:  bowed,  the- margin  obscurely 

sinuate,  159,  fig.  257. 
Repent:  same  as  creeping,  102. 
Replicate :  folded  back. 
Re'pium  (a  door-case) ;  the  frame-like 

placentae  of  Papaveraces,  &c.  from 

which  the  valves  of  the  pod  &U 

away  in  dehiscence. 
Reproduction^  20. 21,  61 ; — In  CiyptogA* 

mous  plants,  330. 
Reproductive  organSy  70. 
Replant :  same  as  repent 
ResedacesB,  391. 
Resins,  195. 

Respiration,  178, 199,  202. 
Restiacese,  496. 
Resilpinate :  underside  up,  or  having  that 

appearance. 
Reticulated:  netted,  154. 
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l^HiCularen  ^ttcts,  46. 

Retindcutum :  a  stay  or  holdfast :  ap- 
plied to  the  processes  bearing  the 
seeds  of  AcanthaceoB,  &c. 

B^inerved :  same  as  reticulated. 

Reti  octirved :  same  as  recurved. 

Reti-qfle'red :  same  as  reflexed. 

Retrofracted :  same  as  refracted. 

Retrdrse:  backwards,  directed  back- 
wards. 

Retroverted:  turned  upside  down. 

Retiise :  slightly  notched  at  a  rounded 
apex;  162,  fig.  272. 

R^vdutCy  revoliUive:  rolled  backwards, 
144. 

Rhackis  (back-bone) :  the  axis  of  a 
spike,  &c.,  211. 

Brhamnaceae,  408. 

Rhaphe  of  an  ovule  or  seed,  299,  fig. 
529,  r. 

Rhatany,  412. 

Rhizdnthous :  root-flowered;  as  when  a 
flower  (like  Raffiesia,  fig.  150),  or 
a  cluster  of  flowers,  &c.  without 
green  foliage  (like  Beech-drops), 
is  parasitic  by  what  answers  to 
roots,  on  some  foster  plant. 

Rhizocdtpous  (root-fruidng) :  having  a 
perennial  root. 

Rhkdma:  rootstock,  106. 

Rhizomorphous :  root-like. 

Rhizophorace»,  419. 

Rhodospermese,  509. 

Rhombic:  rhomb-shaped. 

Rhomboidal:  approaching  a  rhomboid 
in  form. 

Rhubarb,  466. 

Rib :  a  strong  nerve  or  part  of  the  frame- 
•     work  of  a  leaf,  &c ,  145,  155. 

Ribbed:  when  strong  nerves  or  ribs  run 
lengthwise  through  a  leaf,  &c. 

RicciaceiB,  504. 

Rice,  498. 

Rimose :  with  chinks  or  clefts  (rimce). 

Ring  of  Ferns,  501 ;  of  Mosses,  503. 

RCngent:  grinning;  when  a  bilabiate 
corolla  is  open,  278. 

Riparious :  along  water-courses. 

Root,  79. 

Root-hairs ,  SI, 

Rootlet :  a  very  small  root,  or  ultimate 
branch  of  a  root. 

Uootstock:  same  as  rhizoma,  106. 

Rosaccae,  415. 

Rosaceous :    rose-like,  276. 

RtfsteUate :  diminutive  of  rostrate. 

Rostdtum :  a  little  beak. 

Rdstjxfte :  beaked,  bearing  a 

Rostrum  :  a  beak-like  projection.    ^ 

R(fsuhr,  or  rosulate :  shaped  like  a  ro- 
sette. 

Rotate :  wheel-shaped ;  278,  fig  454. 


Rotation  in  cells  :  see  Cvclosis,  31 . 

Rotwid,  rotiindate :  of  rounded  outline. 

Rough :  see  Scabrid  or  Scabrous. 

Rubescenty  rubicund :  reddish  or  rosy. 

Rubiacexe,  431. 

Rubigittose :  rusty  reddish. 

RtidercU :  growing  in  rubbish. 

Rudimentaiy :  imperfectly  or  incom- 
pletely developed. 

Rufescent :  approaching  to 

Rufous:  brown-red. 

Rugose :  wrinkled  {ruga^  a  wrinkle). 

Ruminated  (albumen) :  penetrated  with 
holes  or  channels ;  323,  383,  fig. 
658. 

Runcinate:  saw-toothed,  the  teeth  turned 
backwards,  161,  fig.  279. 

Runner,  102. 

Running  f  102. 

Rupestrine :  growing  naturally  on  rocks. 

Rupt'de :  bursting  irregularly. 

RUsfy :  see  Ferrugineous. 

RatacesB,  405^ 

Rye,  498. 

Sdbuline,  or  sdbidose:  growing  in  sand. 

Saccate^  sdcciform :  sac-shaped,  278. 

Sac  of  the  amnios j  304. 

Saffron^  491,  437. 

Sagittate :  arrow-headed,  or  arrow- 
shaped  ;  lanceolate  with  a  lobe  at 
the  base  on  each  side  pointing 
backwards ;  fig.  252. 

Sago,  481,  485. 

Salep,  489 

Salicaceae,  or  Saliciniie,  478. 

Salicine,  478. 

Saline,  salsuginous :  growing  in  salt 
places,  or  impregnated  with  salt. 

Salver-shaped:  tubular  and  the  border 
spreading  fiat  at  right  angles  to  the 
tube  ;  277,  fig.  457- 

Salvinieao,  502. 

Sdmara :  a  kev  or  winged  indehisoent 
fruit,  314,  'fig.  577,  578. 

Sdmaroid:  resembling  a  samara. 

SambucesB,  431. 

Sandal-wood,  414,  469. 

Santalacese,  468. 

Sap,  53,  190. 

Sapindaceae,  409. 

Sap-green,  408. 

Sapodilla  Plum,  443. 

Sapotaceae,  443. 

Sap-toood,  35>  124,  126. 

Sdrcocarp :  the  fleshy  part  of  a  drupe, 
310,312. 

Sarmentdceous :  bearing  or  resembling 

Sarments :  runners  or  long  and  fiexiblo 
branches. 

Sarraceniaceae^  387. 

Sarsaparilla,  493. 
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Snarnraceas,  469. 

Sauhioothed:  same  as  Serrate. 

SdxatiU :  living  in  rocky  places. 

SaxifragaceSB,  424. 

ScahratCf  acabridf  or  scabrous:  rough  to 

the  touch. 
Scaldnjbrm :  ladder-shaped,  or  barred. 
tScalarif(frm  ducts,  46. 
Scales :  anjr  thin  scale-like  appendages  j 

usually  degenerated  leaves,  105. 
Scalloped :  same  as  Crenate. 
Sca'.y:  furnished  with  scales,  95,  191. 
Scammony,  455. 
Scaiuknt:  climbing. 
Scape:  a  flower-stalk  rising  from  the 

ground  or  near  it,  220. 
Scdpifornif  or  scapold :    resembling  a 

scape. 
Scar :  see  Leaf-scar  and  Hilum. 
Scdriose,  or  scdrious:    thin,   dry,  and 

mem  branaceous. 
Scattered :  either  sparse,  or  without  ap- 
parent symmetry  of  arrangement. 
Schizandreae,  382. 
Scion :  a  shoot,  especially  one  used  for 

grafting. 
Sciuroid:  like  a  squirrel's  tail. 
Sclerantheae,  396. 
Scl&ogen  :  same  as  Lignine,  36. 
Sa^iform,  or  srolncular:  like  sawdust. 
Safrpioid :  coiled  round  like  a  scorpion, 

as  the  branches  of  the  cyme  of 

Heliotrope. 
ScroKculate :  pitted. 
Scrophulariacese,  448. 
Scrdtiform:  pouch-shaped. 
Scurf:  minute  or  bran-like  scales  on 

the  epidermis,  52. 
Scutate,  scutiform :  shield-shaped. 
Scutum  form :  shaped  like  a  platter  {scu- 

teila). 
Secretions,  51. 

Sictile :  divided  into  portions. 
Secund:  all  turned  to  one  side  of  an 

axis. 
Secundine :  the  second  coat  of  an  ovule, 

298. 
Seed,  70,  320. 
Seed-vessel,  308. 
Segment:  one  of  the  divisions  or  lobes 

of  a  leaf  or  other  organ ;  159,  275. 
S^ipregate :  kept  separate. 
Semi;  in  Latin  compounds  :  half. 
Semi-adherent :  the  lower  half  adherent. 
Semi-amplexicaul :  half-clasping. 
Semicordate:  half  heart-shaped  (divided 

lengthwise). 
Semi-double :  half-double. 
Semi-floscular :  when  the  flowers  of  a 

head  are  lignlate. 
Semilnnnr,  or  semilunate :  like  a  crescent 

or  half-moon. 


Seminal:  relating  or  belonging  to  the 
seed. 

Seminiferous:  seed-bearing. 

Semiorbicular :  half-round. 

Semioual :  half  of  an  oval,  and 

Semiovate :  half  of  an  ovate  figure,  di- 
vided longitudinally. 

Semisagittate :  arrow-headed  with  one 
lobe  wanting. 

Semiseptate :  a  partition  reaching  partly 
across. 

Semiterete :  half-cylindricaL 

Sempenirent :  evei^reen.  , 

Senna,  414. 

Sensitive  plants,  345. 

Sepal :  a  calyx-leaf,  222. 

Se'paline^  sepalous :  relating  to  sepals. 

Se^fMloid :  resembling  a  sepal. 

Separated floicers :  the  stamens  and  the 
pistils  occupying  separate  blossoms, 
261. 

Septate:  with  a  partition  (septum). 

Septiddal,  or  se'ptidde :  dehiscent 
through  the  partitions,  i.  e.  by  the 
lines  of  junction;  316,  fig.  582, 
584. 

Septiferous :  bearing  a  partition. 

Septifrc^fol :  where  the  valves  separate 
from  the  dissepiments,  317. 

Septum  (plural  septa)  :  a  partition  of 
any  kind,  316. 

S^ricU,  or  striate:  arranged  in  rows. 

Sericeous:  silky* 

Series:  rank. 

Serdtinous :  flowering  or  fruiting  late. 

Serrate:  beset  with  teeth  pointing  for- 
wards, like  those  of  a  saw,  159,  fig. 
254. 

S^rratures :  the  teeth  of  a  serrate  body. 

Se'rrulate :  serrate  with  fine  teeth. 

SesamesB,  447. 

Sessile  (sitting)  :  not  stalked,  145,  211, 
281. 

Seta :  a  bristle,  or  bristle-like  body,  52. 

Setaceous^  setiform :  like  a  bristle. 

Setigerous:  bristle-bearing. 

Setose:  bearing  or  abounding  with  bris- 
tles. 

S^ula :  diminutive  of  Seta. 

S^ulose :  bearing  minute  bristles. 

Sex :  six ;  as  in 

Sexangtdar:  six-angled. 

Sexfarious:  six-rowed. 

Sfxpartite  :  six-parted,  &c. 

Shaggy:  see  Villous. 

Sheath :  a  tubular  body,  enclosing  or 
surrounding  some  other;  as  the 
base  of  the  leaves  of  Grasses  ;  1 70, 
fig.  237. 

Sheathing :  forming  a  sheath ;  see  Ya- 
ginatc. 

Shields:  see  Apo*'  •  '-   '"" 
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Shield-shaped:  see  Peltate,  158,  fig.  248, 
681. 

Shoot :  any  fresh  branch. 

Shruby  shntbbif,  101. 

Sigillate :  as  if  marked  with  the  impres- 
sion of  a  seal,  as  in  Solomon's  Seal, 
fij?.  168. 

Sigmoid :  curved  like  the  Greek  sigmaf 
or  letter  S. 

Signs  used  in  Botany,  617. 

SileneaB,  395. 

SUicle :  a  pouch,  or  short  pod  of  Cru- 
cifer»,  317,  fig.  703. 

Siliculosa,  515. 

Siliculose :  having  or  resembling  a  sili- 
cic. 

Silique :  a  long  pod  of  CrucifersB ;  317, 
fig.  589. 

Siliquosa,  516. 

Siliquoae:  like  a  silique. 

Silk-cotton,  399. 

Silky :  clothed  with  fine,  appressed,  and 
glossy  hairs,  producing  a  satiny 
surface. 

Silver-berry,  468. 

Silver-fprainf  120. 

SimariibacesB,  405. 

Simple :  of  one  piece  or  rank. 

Simple  fruits,  309,  311;  leaves,  162; 
jristil,  288. 

Sinistrdrse :  turned  to  the  left. 

Sinuate :  strongly  wavy  on  the  margin, 
with  alteniate  convexities  and  con- 
cavities; 159,  fig.  258. 

S>nu8 :  a  re-entering  angle  or  recess. 

Slashed :  same  as  Lacinlate. 

Sleep  of  plant-s,  344. 

Smiiacese,  492. 

Smooth :  not  pubescent  or  hairy,  or  else 
(and  more  strictly)  not  rough. 

Snake-root,  412,  462. 

Soap-berry,  410. 

SoMXferous :  bearing  shoots  (soboles). 

Social  (plants) :  growing  gregariously. 

Solanaccas,  456. 

Solitary :  single  ;  alone. 

Soluble :  separating  into  parts. 

Sor€diate  r  bearing  little  patches  on  the 
surface. 

Sorose :  heaped,  or  bearing. 

Sordsfa :  a  fleshy  multiple  fruit,  like  a 
mulberry. 

Sori  (sing,  sorus) :  heaps  or  patches,  as 
those  of  the  spore-cases  of  most 
Ferns,  called  in  English  fruit-dots j 
501. 

Spadiceous :  bearing  a 

Spadix:  a  sort  of  fleshy  spike,  213. 

Span :  the  length  spanned  between  the 
thumb  and  little  finger ;  seven  or 
eight  inches. 

Sparse :  scattered  and  generally  scanty. 


Spathdceous :  bearing  a 

Spatlie :  the  enveloping  bract  of  a  spa- 
dix, 213. 

Spdthulate,  or  spatulate:  shaped  like  a 
druggist's  spatula. 

Special  directions,  341. 

Species,  19,  354. 

Specific :  relating  to  species. 

Sp^rmaphore :  a  name  for  the  placenta, 
or  tlie  funiculus  of  the  seed. 

Spermaiozoids,  334. 

SpermiCy  or  spermous :  relating  to  the 
seed. 

Sp^rmoderm :  the  outer  seed-coat,  320. 

Spicule:  relating  to  or  disposed  in  a 
spike. 

Spbiijorm:  spike-like. 

Spicvla:  a  spikclet. 

Spike:  a  prolonged  indefinite  inflo- 
rescence with  sessile  flowers,  212. 

Spikelet:  a  diminutive  or  secondary 
spike ;  the  ultimate  flower-clusters 
of  Grasses. 

Spikenard,  435. 

Spindle-shaped,  84,  fig.  138. 

Spine^  104,  167. 

Spinescmt :  tipped  with  a  spine,  104. 

Spinose:  spiny,  104. 

^  (nulone :  bearing  diminutive  spines. 

fral :  as  if  wound  round  an  axis. 
,  iral  arrangement  of  leaves,  134. 

Spiral  markings  on  cells,  39. 

Spiral  vessds  or  ducts,  46. 

SpiresB,  416. 

SpithanuBOUs :  a  span  high. 

SpdngioleSy  or  spongelets,  80. 

Spongy :  of  the  texture  of  sponge. 

Spontaneous  movements,  340,  347. 

Sfwrddic :  widely  dispersed. 

Spordngium :  a  spore-case,  337,  500,  &c. 

Spore:  the  body  in  Cryptogamous 
plants  which  answers  to  the  seed  in 
the  Phssnogamous,  61,  70,  331. 

Spore-case,  337. 

Sporiferous:  spore-bearing. 

Spdrocarp :  a  kind  of  sporangium,  502. 

Sports,  356. 

Sp&rule :  a  spore,  or  small  spore. 

Sporuliferous :  bearing  sporuies. 

Spumescent,  spumose :  froth-like. 

Spur :  any  tubular  projection,  278. 

Spurred:  bearing  a  spur,  278. 

Squanuxte,  squamose,  squamiferous  :  fur- 
nished with  scales  (squamas). 

Squdine/lute :  with  or  resembling  minute 
and  narrow  scales  (squameUa,  497). 

Squdnuform :  scale-shaped. 

Squdmulifbrm :  like  a  small  scale,  or 

Squdmula,  497. 

Squdmulose :  covered  with  small  scales. 

Squarrose:  where  scales,  small  leaves, 
or  other  bodies,  spread  widely  from 
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the  axis  on  which  they  are 
crowded. 

Squdrrulou:  diminutive  of  Sqnarrose. 

Squash,  423. 

S()ullls,  493. 

StaUced:  furnished  with  a  stalk,  stem, 
or  any  lcn{i;thencd  support 

Stalked  yland$,  52. 

StaiUtt :  a  diminatiTe  or  ,  secondary 
stalk. 

Stamen :  the  fertilizing  organ  of  a  flow- 
er. 223. 

Stdminate,  or  stamineal:  relating  to  the 
stamens.  A  itamhuUe  flower  has 
no  pistils,  261. 

StaminiferouB :  bearing  stamens. 

StaminddiuM:  an  altered  and  sterile  sta- 
men, or  a  body  occupying  the  place 
of  a  stamen. 

Standard:  the  posterior  petal  of  a  pa- 
pilionaceous corolla,  253. 

Staphyleacee,  409. 

Star-apple,  4<l3. 

Starch,  54, 193. 

StaticcsB,  445. 

Station :  the  locality  or  kind  of  situa- 
tion in  which  a  nlant  naturally 
grows. 

Stellatv,  432. 

Stellate:  starry,  star-shaped;  arranged 
in  rays,  like  the  points  of  a  star. 

Stellate  hairs^  52. 

St^lulate :  diminutive  of  Stellate. 

Stem,  91. 

Stemkss :  having;  no  obvious  stem,  91 . 

Stemlet:  a  diminutive  stem;  the  first 
intemode  of  the  plumule. 

SterculiaceiB,  399. 

Sterigina :  the  adherent  base  or  down- 
ward prolongation  of  a  decurrent 
leaf. 

Sterile:  barren. 

Sterile  flower :  one  having  no  pistils, 
261. 

Sterile  stamens  or  fllaments:  those  des- 
titute of  anthers,  or  with  the  anther 
imperfect,  281. 

J^igma :  the  part  of  a  pistil  which  re- 
ceives the  pollen,  223,  287. 

Stigmdtic,  or  stigmaioae:  relating  to  or 
bearing  the  stigma. 

StingSy  stinging  hairs,  52. 

Stipe  (stipes) :  a  stalk  of  an  ovary  (267), 
of  a  Mushroom  (507),  and  the 
leaf-stalk  of  a  Fern. 

Stipd:  the  stipule  of  a  leaflet ;  171,  fig. 
286. 

Stfpellate:  furnished  with  stipels,  171. 

Stipitate :  having  a  stipe,  267. 

Stipitiform  :  shaped  like  a  stipe. 

Stipuutceons,  stipvdar :  belonging  to  or 
resembling  stipules. 


Stipulate^  stipuUd:  possessing  stipulca, 

171. 
Stipule:  an  accessory  part  of  a  leaf, 

one  on  each  side  or  the  base,  145, 

170. 
Stodt,  355. 

Stole,  stolon :  a  rooting  branch,  102. 
Stolottiferous :  bearing  stolons. 
Stoma    (plural     stdmata),    stomate:    a 

breathing-pore,  52, 150. 
StomatiferouM :  bearing  stomates. 
Stone :  the  endocarp  of  a  drupe. 
Stone-fruit,  312. 
Stool :  the  plant  from  which  layers  are 

propagated. 
Storax,  425,  442. 
Stratnineous :  6traw-like.< 
Strangulated:  irregularly  contracted. 
Strap-shaped:  see  Ligulate. 
Stratum :  a  layer. 
Strawberry,  416. 
Striate:    marked     with     longitudinal 

streaks  or  furrows  {strice). 
Strict :  very  straight  or  close,  or  very 

upright. 
Strigillose :  same  as  Stricose. 
Str^ose :   clothed  with  sharp  and  stout 

close-pressed    hairs    or   scale-like 

bristles  (striga). 
Strobildcious:  relating    to,    or   resem- 
bling a 
Strdbile :  the  cone  of  a  Pine,  &c.,  319. 
StrobUifirous :  bearing  strobiles. 
Stromoulijerous :  spirally  twisted,  like  a 

corkscrew  or  a  strombus. 
StrbphioU :  same  as  a  Caruncle,  322. 
Structural  Botany,  14. 
Stnuiwse:  swollen  on  one  side,  bearing 

astnitna  or  wen. 
Strychnine,  57,  434. 
Stupose:  tow-like. 
Style :  a  columnar  or  slender  part  of  the 

pistil  above  the  ovary,  223,  287. 
Styliferous:  style-bearing. 
StyUform:  style-shaped. 
Stylopddium :    an  enlargement  or  fleshy 

disk  at  the  base  of  a  style,  as  in 

UmbellifersB. 
StyracesB,  442. 
Svib-y  as  a  prefix,  means  somewhat,  or 

slightly ;  as 
Subacute :  somewhat  acute. 
Subclass,  362. 

Subcordate ;  slightly  heart-shaped,  &c. 
Siiberose :  of  a  corky  texture. 
Subgenus,  361,  362. 
Submerged :  growing  under  water. 
Snborder,  361. 

Subspecies  :  a  marked  variety. 
Subtribe,  361. 

Subterraimin :  growing  beneath  the  snr- 
1         face  of  the  gi'ouud. 


GLOSSABT   AND    INDEX. 


551 


SubitlcUe,  subuHform  :  awl-shaped ;  nar> 
row,  and  tapering  to  a  sharp  rigid 
point,  as  tho  leaves  of  Juniper,  &c. 
166. 

Sitccise:  as  if  rut  off  at  the  end. 

JSiccose,  8wxulent:  juicj. 

SUccubmts:  the  apex  of  each  leaf  cot- 
ered  by  the  base  of  the  next,  as  in 
Jungermannia. 

SuccidetU  leave$f  166. 

Sucker,  102. 

Suffrui^scent :  slightly  shrubby,  101. 

Suffnitex :  an  undershrub. 

Suffi-uticosB:  low  and  shrubby,  or  shrub- 
by at  the  base,  101. 

Sugar,  53,  193,  194. 

Sulcate :  longitudinally  grooved. 

Super-,  above ;  as 

Super-axillary :  above  the  axil. 

Superior :  above,  252  ;  also,  on  the  up- 
per side  of  the  flower,  i.  e.  next  the 
common  axis  (237),  as,  for  exam- 
ple, the  vexillum  of  a  papiliona- 
ceous corolla  (fig.  372,  a)  is  the 
superior  petal. 

Superposed :  one  above  another. 

Superposition^  248. 

Sup^rvolute,  274. 

Supine:  lying  flat  with  fiice  upwards. 

Suppression:  obliteration  of  parts,  239, 
255. 

Supra-,  above  ;  as 

Supra-ascilkay :  above  the  axil. 

Supra-decompound:  several  times  com- 
pounded. 

Surculose :  producing  suckers. 

Surculus:  a  sucker,  102. 

Suspended:  hanging  from  the  apex,  297. 

Suspensor  of  the  embrvo,  306. 

Sutured :  relating  to  the 

Suture:  the  seam,  or  line  of  opening 
of  apod,  &c.,  289. 

Sword-shaped:  a  blade  with  two  sharp 
and  nearly  parallel  edges,  tapering 
to  a  point,  as  in  Iris,  fig.  291. 

Syconium,  or  i^conus :  such  a  fruit  as  a 
fig. 

Symmetrical:  equal  in  the  number  of 
all  the  parts,  232,  239. 

Sympetalous :  becoming  somewhat  mon- 
opetalous  by  a  junction  of  the  base 
of  the  petals  with  the  monadel- 

Ehous  stamens,  as  in  the  Mallow 
imily. 
Symphydniherous :  same  as  Syngenesious. 
I^mphysis:  a  growing  together  of  parts. 
Symphyst€monoius :  the  stamens  united. 
8vmplocine8B,  443. 
Syndntherous:  united  by  their  anthers; 

whence    Composite    have    been 

named 
SynanthercB,  435, 


Syncdrpous :    formed  of  two  or  more 

united  carpels,  290. 
Syncotyle'donous :  the  cotyledons  soldered 

together. 
SjSnedrai :  growing  on  the  angles. 
Syn^ma :  a  name  for  a  column  of  mon- 

adelphous  filaments. 
Syngenesia,  513. 
Syngenesious:  stamens  united  by  their 

anthers  ;  280,  fig.  463. 
Synonyme:    equivalent  or    superseded 

names. 
Syndnymy :  what  relates  to  synonymes. 
System,  365,  366. 
Systematic  Botany,  15,  351. 

Tabescent :  wasting  or  shrivelling. 

Tabular:  flattened  horizontally. 

Tail:  any  long  and  slender  terminal 
appendage. 

Tail-pointed :  tipped  with  a  prolonged 
and  weak  acumination. 

Tannin,  Tannic  Acid,  57. 

Taper-pointed:  same  as  Acuminate. 

Tapioca,  472. 

Tap-root,  84. 

Tar,  480. 

Taro,  485. 

Tawny:  dull  yellowish,  verging  to 
brown. 

Taxineae,  480. 

Taxdogy,  or   Taxdnomy:    the    depart- 
ment of  Botany  which  relates  to 
classification. 
^ea,  401. 

Teasels,  435. 

Teeth  of  calyx,  corolla,  &c.,  275 ;  of 
leaves,  159. 

Tegmoi:  the  inner  seed-coat,  321. 

Tendril,  102,  167. 

Tepal :  a  name  proposed  for  a  leaf  or 
part  of  the  perianth  when  it  is  un- 
certain whether  it  belongs  to  tho 
calyx  or  the  corolla. 

Teratology :  morphology  applied  to 
monstrous  states. 

Tercine :  a  third  coat  of  the  ovule. 

Terete :  long  and  round,  i.  e.  the  cross- 
section  circular. 

Tergeminate :  thrice  twin. 

Terminal:  belonging  or  relating  to  tho 
summit. 

Terminology:  the  same  as  Glossology, 
15. 

Ternary :  consisting  of  three,  239. 

Ternary  products,  53. 

Temate:  in  threes. 

Temstroemiaceae,  401. 

Tessellated:  in  checker-work. 

Testa :  the  outer  seed-coat,  320. 

Testaceous:  brownish-yellow,  like  un- 
glazed  earthen-ware. 
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7Wm-,  in  Greek  componnd  words :  four. 

TetracdrpeUary :  of  four  carpels. 

Tetracdmarom :  same  as 

Tetraafccous :  of  four  cocci. 

Tetradyntfmia,  512. 

Tetradynamous :  two  of  the  six  stamens 
shorter  than  the  rest;  281,  fig. 
407. 

Tetrdgonal,  or  tetnfyonout:  fonr-angled. 

Tctragynia,  515. 

Tetrd(/t/nou8 :  with  four  pistils  or  styles, 
287. 

TttrdmerouB:  the  parts  in  fours,  234, 
239. 

Tetramlria,  512. 

Tetrdndrom :  with  four  stamens,  279. 

Tetrap^aioua :  with  four  petals,  276. 

Tetraph^lfous :  four-leaved,  275. 

Tetraouelrous :  quadrangular,  with  rery 
shnrp  and  salient  angles. 

Tetras€pnlQU8 :  with  four  sepals,  274. 

Tftrdstichoas :  with  four  vertical  ranks. 

Tkalamiftiiroiu :  with  the  stamens,  &c. 
inserted  in  the  receptacle,  or 

ThtGamus :  the  receptacle  of  a  flower. 

Thallophvtes,  371,  505. 

Thaliu8,  67,  371,  505. 

Theca :  an  anther-cell,  281 ;  or  a  spore- 
case,  499,  500. 

Th€caphore :  same  as  Gvnophore,  267. 

Thread-shaped:  sec  Pililbrm,  166. 

Throat :  the  orifice  of  a  tubular  organ, 
275,  276. 

Thorn,  104. 

Thiprse,  or  thyrsus:  a  thick  panicle,  217.- 

Thyraoid :  like  a  thyrse. 

ThvmclacesB,  467 

Tieute,  434. 

TiliacesB,  399, 

Tissue:  the  fabric  of  plants,  22. 

Tobacco,  456. 

Tomato,  456. 

Tdmentose :  clothed  with 

Tom€nium :  a  close  and  matted  down  or 
wool. 

Tongue-shaped:  long,  fleshy,  nearly  flat, 
and  rounded  at  the  end. 

Tonka-bean,  414. 

Tooth:  any  short  and  narrow  projec- 
tion. 

Toothed:  same  as  Dentate;  beset  with 
teeth  which  on  the  leaf  do  not  point 
forwards  ;  159,  fig.  255. 

Top-shaped:  inversely  conical. 

Torose:  a  cylindrical  body  swollen  at  in- 
tervals. 

Tortuous:  bent  in  different  directions. 

Tdrulose :  somewhat  torose. 

Torus:  the  receptacle  of  the  flower, 
224. 

Trah^culafe :  cross-barred. 

Trachea :  a  spiral  vessel  or  duct,  46. 


Trachinchyma,  46. 

Trdpezoidy  or   irapezifinn:  unsymmct- 

rically   four-sided,    like    a"^  tra|jo- 

zium. 
Tree,  101. 

Tri-f  in  compound  words :  three ;  as 
Triadtffphous :  having  the  filaments  in 

three  sets,  280. 
Triindria,  512. 

Tridndrous :  with  three  stamens,  279. 
Trianyular :  three-angled. 
Trianthous:  tliree-flowered. 
Tribe,  361. 

Tricdrpellary :  of  three  carpels. 
Tricdrpous :  with  three  ovaries. 
Tricdphahus:  three-headed. 
Trichdtomous :  branched  into  threes. 
Tricdcoous :  of  three  cocci. 
Triaispidate :  three-pointed. 
Trid^ntate:  three-toothed. 
Triennial :  lasting  three  years. 
Trifarious :  in  three  vertical  ranks. 
Trifid:  three-cleft; ;  159,  fig.  265. 
Trifdliate:  three-leaved. 
Trifdliolate :  of  three  leaflets. 
TrifUrcaie:  three-forked. 
THgamous :  having  three  sorts  of  flowers. 
Trigonal,  or  trigonous :  three-angled. 
Trigynia,  515. 
THgynous :  with  three  pistils  or  styles^ 

287. 
Trijugate:  three-paired. 
Trilateral:  three-sided. 
TrilliacesB,  493. 
Trilobate:  three-lobed. 
Trildcular:  three-celled. 
Trimerous:  the  parts  in  threes;    234, 

239,  fig.  363. 
Trin^nxite:  three-ncn'ed. 
Trinddal:  of  three  nodes  or  joints. 
Tricecia,  516. 
TrioBcious,  or  trioicous:  having  stami- 

nate,  pistillate,  and  perfect  flowers 

on  three  different  plants. 
Tridvulate :  having  three  ovules. 
Tripartihle:    capable  of  splitting  into 

three. 
Tripdrtite:  three-parted. 
Tnpetalous :  of  three  petals,  276. 
Tnphp/hus :  three-leayed,  275. 
Tripinnate:  thrice  pinnate,  164. 
Tnpinndtijid :  thrice  pinnatifid,  161. 
Tnple-ribbedy  or  nerved:  same  as 
Tripli-nercedf  155. 
Tripterous:  three-winged. 
Triqu^rous :  with  three  salient  angles, 
Trisepalous :  of  three  sepals,  274. 
Tris€rialy  or  trise'riate :  in  three  horizon- 
tal ranks. 
Tristichom :  in  three  vertical  ranks,  134. 
Tristigmdtic :  with  three  stigmas. 
Tristyloua :  with  three  styles. 
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Trisiileate:  thrce-grooTcd. 

Trit€nmte:  thrice  temato,  164.    • 

TrivicU  name:  tho  popalor  name;  or 
the  specific  name. 

Trochlear:  pulley-shaped. 

Tropffiolaccffi,  404. 

Trophosperm :  tho  placenta. 

Tropical :  growii^  near  or  between  the 
tropics. 

Trumpet-shaped:  tabular,  with  the  sum- 
mit dilatecL 

Truncate :  as  if  cut  off  at  tho  end ;  162, 
fig.  271. 

Trunk :  a  main  stenu 

Tube:  the  portion  of  a  calyx,  corolla^ 
&c.  formed  by  the  union  of  the 
sepals,  petals,  &c.,  275. 

Tuber:  a  short  and  thickened  subterra- 
nean branchf  107. 

Tuberde :  a  small  tuber,  or  an  excres- 
cence. 

Tviberded:  bearing  excrescences. 

Tuberiferous :  bearing  tubers. 

TiMje/ms:  tuber-like ;  85,  fig,  139. 

TubuloMf  tvbular :  having  a  tube,  or 
tube-shaped,  as  the  corolla  of  Trum- 
pet Honeysuckle,  &c.,  277. 

Tubulifloras,  436. 

Tumid :  somewhat  inflated. 

Tunicate :  having  an  accessory  covering 
(tunic), 

Tunicated  bulb,  109. 

TMinate:  top-shaped. 

TuriOf  turions :  the  early  state  of  a  suck- 
er or  subterranean  shoot,  as  an 
Asparagus-shoot,  95. 

Turmeric,  490. 

TumeraoesB,  422. 

Tumip-ehaped:  see  Kapiform,  84. 

Turnsole,  473. 

Turpentine,  57, 480. 

Twin :  in  pairs. 

Twining :  winding  spindly  round  a  sup- 
port, 102. 

Tuxhlippedj  255. 

Type :  the  pattern  or  ideal  plan,  231, 
238. 

Tvphacess,  485. 

Typical:  representing  the  typo  or  plan. 

VUginMe:  growing  in  marshes. 

IJlmacee,  474. 

Ulmine,  Ulmic  Acid,  57. 

Umbel:  an  ambrolla^haped  inflores- 
cence, 212. 

Umbellate^  umbelli/orm :  in  umbels. 

Umbellet:  a  secondary  or  partial  um- 
bel, 216. 

Umbelliferas,  425. 

UmbeiJ{ferou$ :  bearing  umbels. 

Umbtiicaie:  depressed  in  the  centre, 
like  the  navel. 

a 


Umbilicus:  the  hilum  of  a  seed ;  a  ocn- 
,     tral  depression. 

Vmbonate:  bearing  an  umbo  or  boss, 
a  central  projection. 

Umbrdculiform :  umbrella-shaped. 

Unarmed:  destitute  of  prickles,  spines, 
&c. 

Uncate:  hooked. 

Unciform,  or  uncinate :  hooked. 

Undate,  or  undulate :  wavy. 

Undershnd),  101. 

Unequalhf  pinnate :  same  as  impari-pin- 
nate,  163. 

Unguiculate :  furnished  with  a  claw  (tin- 
guis),  as  the  petals  of  Saponaria, 
276,  flg.  449,  &c. 

Uni;  in  Latin  compounds :  one. 

Uniaiilular :  one-celled,  61. 

Unifldrous:  one-flowered. 

Uni/dliate:  one-leaved. 

Umfifliolate :  with  one  leaflet 

Uni jugate :  of  only  one  pair,  164. 

Umldbiate:  one-lipped. 

UnUdteral:  one-sided:  either  all  dis- 
posed on  one  side  of  an  axis,  or 
turned  to  one  side. 

Unilocular:  one-celled. 

Unin€rvate :  one-ncrvcd. 

Uni6vulaie:  one-ovuled. 

Unipetalous :  having  only  one  petal,  as 
in  Amorpha,  fig.  395. 

Unis^rial,  or  %aiis€riate:  in  one  horizon- 
tal row  or  whorL 

Unisexual:  having  stamens  only  or  pis- 

,      tils  only,  261. 

tlnivalved :  of  one  piece ;  one-valved. 

Universal :  same  as  General. 

Upas,  475. 

Urceolate :  pitcher-shaped  or  urn-shaped ; 
i.  e.  hollow  and  contracted  at  the 
mouth. 

UrticacesB,  473. 

Utricle :  a  small  bladdery  fruit,  314. 

Utricular:  bladder-like. 

UtricuIariacesB,  or  UtricularinesB :  same 
as  Lentibulaceas,  445. 

Utrfculiferm :  shaped  like  a  little  bottle. 

Utricufose:  bearing  v^ficti/t,  or  bladders. 

Uvulariese,  494. 

Yacciniee,  or  Vacciniaceie,  439* 

Vagina :  the  sheath  of  a  leaf,  &c. 

Vaginant:  sheathing. 

Vaginate:  sheathed. 

Vaginula :  a  little  sheath,  as  that  around 

the  sporangium  of  Peat  Moss. 
VagfnukUe :  with  a  vaginula. 
Vague :  in  no  definite  order  or  direction. 
Valerian,  434. 
ValerianaceiB,  434. 
VoJJUcuUe:   the  intervals  between  the 

ridges  of  the  fruit  of  Umbellifem. 
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VdlvatB   or   vdlnJar  lestiration,    &c, : 

where  tlio  i>nrLH  meet  by  their  edges 

without  overlapping,  144,  273. 
Valve:  n  door,  or  jjortion  into  which  a 

pod,  &c.  Bepamtes  in  dehiscence ; 

also  a  piece  or  leaf  of  a  spathe,  &c. 
Valued :  oiiening  by  valves. 
Vanilla,  4S9. 
Varieffated :  harinj^  one  or  two  colors 

disposed  in  patches. 
Varieties,  355. 
VasctJar :  relating  to  or  famished  with 

vessels. 
Vascniar  Plants,  68. 
Vascular  or  vasi/orm  tissve,  40y  45. 
Vasculum :  same  as  AscitUum. 
Vegetable  Ivory,  484. 
Vegetable  Physiology  and  Anatomy, 

14. 
T'ciY;  sceCaljrptra. 
Veirud:  furnished  with  slender  vascular 

or  woody  bundles,  especially  with 

branching  ones,  or 
Veins,  145, 155. 

Veiniess :  destitute  of  apparent  veins. 
Veinteis:  the  smaller  ramifications  of 

veins,  155. 
Velate:  veiled. 
Veliitinoiis :  velvety ;  covered  with  very 

fine  and  close  soft  hairs,  so  that 

the  surface  resembles  velvet  to  the 

touch. 
Venation  :  the  mode  of  veining,  154. 
Venose  :  veiny ;  abounding  in  veins. 
Ventral:  relating  to  the  inner  side  of  a 

simple  pistil,  viz.   that  next  the 

axis. 
Ventrai  suture  :  the  inner  8utm«,  289. 
Ventricose  :  big-bellied  ;  swelling  out. 
Venfrfculoee :  somewhat  ventricose. 
Ve'nulose  :  abounding  in  veinlets. 
Veratrja,  494. 
VerbenacesB,  449. 

Venntcular :  worm-like,  in  shape  or  ap- 
pearance. 
Vernal :  belonging  to  spring. 
Vernation :  the  disposition  of  leaves  in 

the  bud,  143. 
Ve'micose:  varnished.  " 

Vifrrucose:  warty.  .  . 

Ve'rruCulose:  studded  with  little  warts. 
Versatile:  swinging  to  and  fro;   282, 

fig.  471. 
Vertex :  the  summit. 
Vertical :  perpendicular,  lengthwise. 
Vertical  leaveSyl&h. 
Vertical  tissue  or  sftstem,  45,  50,  112. 
Verticil y  or  verticel:  a  whorl,  92,  134. 
VerticiUdster :  the  pair  of  dense  cymes 

forming    an    apparent  verticil  in 

most  Labiatae,  221. 
VertkiUate:  whorled,  133,  142,  221. 


Vesicle  :  a  little  Madder. 

Vesictdar:  as  if  com[X)sed  of  little  blad* 

dcrs. 
Vespertine :  appearing  or  expanding  iq 

the  early  evening. 
Vessels,  40. 

Vcxiliartf  isstivation,  271. 
V^xilUiry  :  pertaining  to  the 
VexCllum:  tlie  standard  of  a  papiliona- 
ceous corolla ;  253,  fig.  302,  a. 
VUhse,  or  villous:  sha^ywith  long  and 

soft  hairs,  or  villosity, 
Virndfteous  :  bearing  or  resembling  long 

and  flexible  twigs,  like  wicker. 
Vine :  any  trailing,  climbing,  or  twining 

stem.     The  Vine^  originally,  is  the 

Grape-vine. 
ViolacesB,  or  Violarieie,  392. 
Flr^Hsm^:  somewhat  green  (t/'tfieiis). 
Vfrgute:  twig-like;  wand-like. 
Viridescent :  same  as  Viresccnt. 
Viscidy  viscous:   sticky  from  a  tena* 

cions  secretion. 
Vitace®,  407. 

Vlt^dws :  the  thickened  embryo-sac  per- 
sistent in  the  seed,  as  in  Saurunis 

and  Brasenia. 
Viticulose:  producing  small  suckers  or 

stolons  {viticuJUe). 
Vktce  (fillets) :  the  oil-receptades  of  the 

fruit  of  UmbeUiferae,  42& 
Vitiate:    bearing  vittss:   marked  with 

longitudinal    stripes     or     fillets, 

426w 
VivCparottf:  germinating  from  the  seed 

(330),  or  sprouting  from  a  bulb, 

&c.,  while  still  attached   to  the 

parent  plant 
Voluble:  twining,  102.  - 
Volute :  rolled  up. 
Volva:  the  wrapper  of  Fimgi,  507. 

Walnut,  476. 

Wavy :  see  Undulate. 

Wax,  56L 

Wax^ :  resembiiiH^  beeswax  fai  eppespo 
ance  or  consistence. 

Wedge-shaped:  see  Coneate. 

Wheat,  498. 

Whed-shap^:  a  corolla  or  calyx  with 
a  very  short  tube  and  a  flat- 
spreading  border  \  278,  fig.  454. 

Whmi  :  f|  set  of  organs  arrai^ed  in  a 
circle  round  an  axis,  92,  134^ 
221. 

Whorled:  disposed  in  whorls. 

Whortleberry,  439. 

Wild:  growing  spontaneously. 

Wing:  any  membranous  expansion. 
Also  the  two  side  petals  of  a  pa- 
pilionaceous corolla ;  853,  ng. 
892,  6. 
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Winged:  proridcd  with  wings. 

Wintere®  (or  Winteraceae),  381. 

Winter's  Bark,  381. 

Witliering :  see  Marcescent 

Wood,  119. 

Woodu  tissue  or  Jibre^  40. 

Woolly :  clothed  with  long  and  cariing, 

or  matted,  soft  hairs  or  wooL 
Worm-seed,  465. 


Xyridaces,  496. 

Yam,  492. 

ZanthoxylacesB,  or  Zantfaoxyles,  406. 
Ziugiberaceae,  489. 

Zoosporet:  free-moving  spores  of  cer- 
tain AlgSB ;  336,  %  637,  644. 
ZygophyllaoesB,  404. 
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